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ROTSS  (m  THE  MORPfi(a^  OF  THE  KgRVCHJS  SYSTEU  OF  THl 
CAROLINA  LOCUST,  DISSOSTEIRA  CAROLINA  L.« 
By  J.  C.  Hution.  B.A.  (Oxoa.). 


IWBOBWTIOB 


Thie  insect  belongs  to  the  Orthopterous  famUy  Acrldiidae,  or  short 
homed  grasshoppers,  a  generalixed  group  of  insects  ^ose  anatomy,  both 
external  and  internal,  does  not  show  any  great  degree  of  specialixation^ 

^The  Carolina  locust  is,  noreover,  a  comnon  insect,  being  generally 
distributed  throughout  Itorth  Aaerica,  but  it  is  not  an  iiaportant  pest. 

An  attenpt  has  been  made  to  work  out  the  nervous  system  sinply  trm 
its  aorphologieal  aspect  in  the  hope  that  it  may  senre  as  a  reference  for 
disssetion, 

Z  take  this  opportunity  of  thanking  Dr.  H.  T,  Fernald  and  Dr,  6.  C. 
Croajpton  for  their  generous  assistance  during  the  course  of  this  paper, 

Froa  a  study  of  the  esibry^SLa^^ages  of  various  insects  it  has  been 
shown  by  investigators  that  the  nervous  systea  in  its  primitive  stages  consists 
of  two  narrov  elongate  cords  i^ich  extend  aore  or  less  parallel  to  each  other 
froBi  the  Dosterior  end  of  the  abdoaea  to  the  neighborhood  of  the  head  region. 
Here  they  gradually  diverge  to  fom  the  eireusoesophaigeal  collar,  pass  om  on 
either  side  of  the  stoaadaeua  (or  priaitive  south  cavity),  and  meet  in  the 
rudioentary  brain.    These  cords  soon  becoae  broadened  at  inteinrals  about  the 
middle  of  each  body  segnent  and  these  broader  portions  gradually  develop  into 
the  ganglia  or  nerve  centres,  i^ils  the  narrower  intensediate  strips  come  to 
form  the  connectives  between  the  ^nglia*    These  parallel  strips  bee<»e 
gradually  approxiaated  along  their  entire  length  until  the  ganglia  fuse 
transversely,  while  the  connectives  generally  rmain  separate.    So  that  in  the 
earliest  stages  of  tho  sabryo  there  is  a  paired  ganglion  for  every  segaent. 


•Contribution  from  the  Kntomological  Laboratory  of  the  Massachusetts 
Agricultural  College,  Amherst,  Uass. 


It  becB  shorn  that  thsM  paired  ganglia  are  Joined  intarnalXy  by  traasvarM 
MHiissuree,  the  msains  of  tha  cross  coonissures  of  the  oubryo*^ 

will  be  seen  that  so  far  the  fusion  of  yuiglia  has  been  in  a 
transrerse  direction,  but  in  the  later  «abryoaic  stages  a  longitudinal  fusioa 
takes  place  in  the  head  region  and  in  sose  caees  at  the  posterior  end  of  ths 
abdomen. 

The  insect *s  head  in  its  oarly  eabryonic  stages  is  cade  up  of  six 
stents,  and  each  of  these  priaitive  se^ente  has  its  own  paired  ganglion. 
Tha  first  three  paired  ganglia  later  fuse  longitudinally  to  fora  the  brain 
proper,  while  the  next  three  paired  ganglia  usually  fuse  to  fora  the 
•ttheesophagsal  gaaglian,  and  these  two  eoapound  ganglia  are  connected  by  the 
cirttuBoisophageal  collar. 

A  process  of  eephalixation,  or  longitudinal  fusion  in  the  direction 
of  the  head,  say  take  place  in  the  abdomen  of  the  eabryo,  but  usually  there  is 
a  paired  ganglion  for  alnost  erery  body  segment. 

Passing  froB  the  eabryo  to  the  insect  proper  we  find  that  in  the 
imature  stages  the  nervous  systen  is  frequently  of  a  prieitive  type,  and 
usially  varies  considerably  from  its  ultimate  form  in  the  adult  of  the  same 
insect.    This  difference  is  sspeeially  mariced  la  the  case  of  holometaboloua 
insects,  i^ere  the  adult  is  totally  unlike  the  insature  fora,  in  that  it  has 
beooaia  aueh  more  specialized.    This  group  of  insects,  which  uoidsr^oee  complete 
■etcoBorphosis ,  has  a  pupal  or  resting  stage  during  which  the  nervous  system  is 
broken  down  along  with  other  internal  structures  and  is  built  up  again  on  a 
different  plan  to  meet  the  new  functions  it  will  have  to  perfora  in  the  adult. 
^  TIiIb  new  arrangement  includes  the  process  of  cephalad  fusioa,  or 

cephalisation,  and  the  anjount  of  fusion  of  the  ganglia  varies  considerably 
not  only  in  the  different  orders  and  in  different  insects  of  the  same  order, 
but  in  the  different  sexes  of  the  same  insect,  as  Brandt  (1875)  and 


BXanchard  (1876)  hay.  rtio«  in  thair  inreatigatlon.  with  the  higher  HjiMnopfra. 

A.  a  rul.  the  adultB  of  the  forme  belonging  to  the  more  epeclalited 
Wdere.  Diptera,  Coleoptera  and  Hynenoptera.  show  the  greatest  amount  of  fueion. 
whemae  in  the  lower,  or  noro  generalised,  orders,  comparatively  little 
Ml^iiation  takae  plaea;  in  the  latter  group  of  ineecte  the  aetamorphoaie 
is  incoaplete  and  the  inmature  form  ie  not  unlike  the  final  adult  condition. 
There  ie  therefore  no  breaking  dow  and  reconatruction  of  the  nervous  syetea 
in  the  Bore  generaliaed  ineecte,  but  only  a  gradual  change  to  keep  pace  with 

q 

the  developaent  of  wings,  reproductive  organe,  etc.  throughout  the  stages 
from  hatching  to  adult.    5o  that  the  adults  of  soae  of  these  lower  foras  aay 
•till  have  a  ganglion  for  alaost  every  body  segment  and  these  ganglia  may 
even  show  distinct  traces  of  their  original  paired  character. 

As  will  be  seen  froa  a  reference  to  fig.  1,  the  nervoue  eystm  of 
the  Carolina  locust  is  that  of  the  typical  insect.    The  ganglia  are  well 
distributed  throughout  the  length  of  the  body,  but  there  has  been  a  concentra- 
tion of  gat^lia  in  two  places,  the  roetathorax  and  the  eighth  abdominal  se^nt. 
Ths  ganglia  of  the  first  three  segnents  of  the  abdoaen  have  moved  fomard  to 
ft»e  with  the  metathoracic  ganglion,  the  ganglia  of  the  fourth  and  fifth 
••gHittnts  have  c»ch  advanced  one  se^ent,  but  these  first  five  abdominal  gaziglia 

•till  innervate  their  original  segments  by  means  of  lengthened  nerves.  Further, 

h 

the  ^uiglia  of  the  sixth,  seventh  and  eighty  segp^ients  have  kept  their  original 
positions,  while  the  ganglia  of  the  last  three  segoBeuts  have  fused  with  thai 
•f  the  eighth  segment^ 

^The~thre«  thoracic  ganglia  are  separate,  though  the  meso-  aiad 
■•tathoracic  gajiglia  are  closely  approxioat^^^ 

^^'the  head  region  the  brain  and  the  suboesophageal  ganglion  ar» 
widely  separated,  but  are  composed  of  three  fused  primitive  ganglia. 
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In  SOM  of  the  higher  Inaeete  the  thoracic  ganglia  have  fused  and 
haT«  been  joined  by  all  the  abdominal  ganglia  to  fonn  one  large  ganglionic 
centre  in  the  thorax,  from  which  nervee  radiate  to  all  parts  of  the  body  region. 

The  braia  and  suboesophageal  ganglion  are  generally  distinct,  though 
•oaetlBM  they  loay  f om  one  ataes  with  a  central  opening  through  which  the 
oesophagus  passes^ 

^The  suboesophageal  ganglion  nay  fuse  with  the  first  thoracic  ganglioa. 

The  nervous  syston  of  the  Carolina  locust  falls  under  three  mg^n 
divisions,  the  brain  or  supra-oesophageal  ganglion;  the  ventral  system;  and 
the  visceral,  stoaatogastric,  or  sympathetic  system. 

The  BraiJi 

The  brain  (fig.  2}  in  this  insect  is  situated  in  the  mediodorsal 
portion  ef  the  head  capsule  just  above  the  oesophagus,  as  its  other  name, 
■upradesophageal  ganglion,  indicates* 

It  is  usually  the  largest  ganglionic  coaiplex  in  an  insect,  and 
investigators  have  siiown  it  to  be  composed  of  three  fused  ganglia,  repreeentiiif 
the  paired  ganglia  of  the  first  three  primitive  segments,  or  neuroseves,  of 
the  head. 

The  brain  receives  sensory  impressions  from  the  chief  sense  organs 
and  the  outlying  parts  of  the  body  and  sends  back  motor  stimuli  by  means  of 
the  connectives  and  nei*ves. 

In  this  insect  the  auditory  orgaia  in  each  pleuron  of  the  first 
abdominal  sepnent  is  innervated  by  the  roetathoracic  ganglion,  which  thus  as 8 Me s 
one  of  the  functions  of  the  brain  in  innervating  a  sense  organ. 

It  has  been  shown  by  Binet  (1894)  that  the  brain  coordinates  the 
■ovemnta  of  the  body,  whereas  the  subdftsophageal  ganglion  si«t)ly  controls  the 
■ttteular  movements. 


^  •xanple,  an  insect  deprived  of  ite  brain  alone  can  still  eat 

if  food  is  placed  in  contact  with  ite  palpi,  bat  if  the  euboesophageal  ganglion 
ie  alee  reaeved  it  can  aake  none  of  the  aovemente  of  eating^ 

Again,  since  the  brain  controls  the  principal  orgam  of  perception, 
an  insect  deprived  of  ite  brain  can  neither  perceive  ite  food  nor  aove  toeards 
it,  even  if  the  food  be  placed  but  a  short  distance  from  its  palpi, 

the  relative  aise  of  the  brain  ie  ao  indication  of  the  intelUgenct 
•f  the  ioeeot;  this  quality  eeeae  to  be  cloeely  connected  with  the  development 
of  the  80-ealled  "Buehroae  bodiee.* 

In  the  Carolina  loeuet  the  brain  ie  eoaparatively  eiaple  in  ite 
external  featuree,  being  conposed  of  three  well  defined  parts,  called  the 
proto-,  deato-,  and  trito-cerebrwi  by  Viallanes.    Those  parts  represent  the 
three  paired  ganglia  belonging  respectively  to  the  first  eecond  and  third 
priaitive  segments  of  the  head. 

The  protoeerebnoi  is  the  largeet  division  of  the  brain  in  this  insect, 
being  CMiposed  externally  of  the  optic  lobes  (o.ifA.1.)  and  their  ganglia  (oj^.g.); 
the  oeellar  lobes  (oe,l«),  and  a  central  area  called  the  pars  intercerebralis 
by  ff.v.Haller  (1905). 

The  position  of  these  parts  can  be  seen  in  fig.  2. 
The  optic  lobes  send  off  nerves  to  the  optic  ganglia  of  the  coapouad 
eyes  through  a  narrow  neck. 

Thm  three  oeellar  lobes  fom  an  inverted  triangle  enclosing  the  pars 
intereerebralie  or  nedian  portion  of  the  protoeerebrun,  and  the  two  lateral 
oeellar  lobes  are  separated  by  a  sediaa  cleft.    Each  of  these  three  lobea  sends 
nerves  to  the  eorreeponding  ocellus  (oc). 

The  dentoeerebnas  is  made  up  of  the  olfactory  or  atttensal  lobee, 


e,^to 

of  each  Joint  of  the  aatennui. 


idiieh  send  nervee^to  the  distal  snd  of  the  antennae  with  branchee  to  the  muedee 


Th«  tritoctrebruB  is  coaposod  of  the  eonelssiind  lobea  whick 


art 


teparattd  by  a  dttp  atdian  cleft.    These  lobes  girt    off  the  conneetiTes  to  tht 
sttboesophageal  ganglion,  the  labral  nenres.^and  the  suboesophageal  cowdssure c.^ 
also  the  frontal  nerves  to  the  frontal  gftnglion.    A  aore  detaUed  description 
tf  these  structures  will  be  given  under  the  discussion  of  the  syapathetic  systea. 

The  labral  nerves^rise  in  the  frontal  portion  of  the  tritocerebrua 
and  desesnd  io  each  side  of  the  labrua,  giving  off  a  lateral  branch  to  tht 
■usdss  operating  the  labnai.    The  main  nerve  enters  the  labrua  where  it  branches 
to  the  taste  cups  of  the  epipbaryaz   and  the  internal  labral  ffluscles. 

The  Ventral  Systsa 

In  the  insect  under  discussion  the  ventral  nervous  system  consists 
of  the  suboesophagtal  ganglion,  the  three  thoracic  ganglia,  and  the  five 
abdminal  ganglia. 

Thm  Suboeiophageal  Oanglioa 

The  subotsophageal  ganglion  lies  below  the  oesophagus  and  under  tht 
etntrt  of  the  tentonua.    It  is  ovifora,  narrowing  emteriorly  where  it  receives 
the  long  connectives  from  ths  brain,  and  posteriorly  where  it  sends  the  pair 
of  eonnectivee  back  to  the  prothoracic  ganglion. 

Froa  its  ventral  surface  it  sende  off  three  paired  nerves,  the 

■andibular,  aaxillary  and  labial,  and  one  single  nerve  to  the  hypopbarynji^ 

 Is  ' 

Oorsally  a  pair  of  nerves  are  ssnt  back  to  the  prothorax,  v^ere  thty- 

isBtrvatesthe  upper  neck  auscles  and  the  dorso-lateral  prothoracic  muselss. 

L  The  aandibular  nerves  (ad.)  arise  ventro-laterally,  and  soon  after 

ihtir  origin  give  off  a  branch  to  the  articulating  muscles  of  the  mandibles, 

i^le  the  main  nerves  enter  the  mandibles  to  the  internal  auscles  and  tissues. 

L  The  hypophryngeal  nerve  {hp,)  arises  posterior  to  the  mandibular 

and  gtet  to  the  sensory  hairs  and  pits  in  the  hypopharynx. 

laatdiately  behind  this  are  the  aaxUlary  nerves  (ap.)  controlling 


the  BuseXds  of  the  galee.  lacinia  and  palpue  by  neans  of  branchee.    In  the 
case  of  the  palpus  the  nerre  apparently  extends  to  the  sensory  hairs  at  the  tip. 
C  The  labial  nerves  (lb.)  are  giren  off  behind  the  •axillary  nervee 

and  proceed  to  each  side  of  the  labiu*.  with  a  branch  to  the  tip  of  the  palpus. 
C  A  pair  of  nervee  arises  close  to  the  connectives  and  slightly  dorsal 

to  tbea  and  extends  backward  on  each  side  to  the  prothorax,  where  they  crosses 
the  anterior  prothoracic  nerves  and  endsin  the  dorso-lateral  nuscles.  On  the 
•ay  thwy  sendsa  branch  to  the  dorsal  neck  auseles. 

^ e^  Thoracic  Ganglia 

The  thorax  has  a  ganglion  to  each  of  the  three  eegments.  These 
ganglia  are  eiailar  in  external  appearance,  but  their  size  increases  in 
proportion  to  the  number  of  nerves  they  send  out.    They  are  disc-shaped, 
broadly  oval,  each  with  a  thick,  fins  central  portion. 

Cack  ganglion  roughly  resembles  a  double  convex  lens  and  the  nervee 
are  given  off  on  three  different  planes,  doroal,  lateral,  and  ventral. 

Prothorax. 

The  prothoracic  ganglion  gives  off  four  nerves,  one  anterior,  two 
lateral,  and  one  posteriory 

('The^aoterior  nerve  passes  under  the  nerve  froa  the  suboesopbageal 
gangllicm  and  by  neans  of  branches  ianervatee  the  ventral,  ventro-lateral  and 
lotmr  neck  auseles  of  the  prothorax*  ^ 

^^Thefiret  lateral  nerve  extends  to  the  transverse  muscles  of  the 
prothorax  with  branches  to  the  eoxal  nusclee  of  the  leg^_^ 

(iht  second  lateral  nerve  (cr  f,)  controls  the  internal  leg  nuscles 
of  the  different  joints,  as  far  as  the  tarsal  daws^^ 

^^'rhs  posterior  or  auxiliary  nerve  goes  backward  to  join  the  anterior 
or  alary  nerve^of  the  woeothorax. 


Mssothora*. 

The  aesothoraelc  ganglion  gives  off  five  saain  nerves  on  each  siie.. 

The  anterior  nerve  from  this  ganglion  and  the  posterior  nerve  fro« 
the  previous  ganglion  converge,  run  contiguous  for  a  short  distance  and 
separate  again. 

The  two  arms  extend  laterally  to  the  upper  transverse  alary  muscles 
and  to  the  longitudinal  dorsalmusclee  of  the  ■esothorax>(d^] 

f^osterior  to  these  a  nsrve  goes  to  the  lower  transverse  nmscles, 
and  ventral  to  these  nerves  we  find  the  nerve  which  innervates  the  coxal 
aiuscles  of  the  mesothoracic  legs.^ 


lis  is  followed  by  the  leg  nerve  proper  (cr^JJ.)  which  is  homologous 
*•  the  prothoracic  leg  nervsj^ 

^'Posterior  to  the  leg  nerve  is  the  auxiliary  nerve  which  joins  the 
anterior  netathoracic  nerve. 
Metathorax. 

The  aetathoraeic  ganglion  lies  close  behind  the  preceding  ganglion. 
It  is  the  largest  of  the  three  thoracic  ganglia  and  ie  an  iaportant  one  in 
this  insect,  since  it  supplies  nerves  not  only  to  its  own  segment,  but  in 
addition  innervates  the  first  three  abdoainal  segments.. 


'^Xt  is  thus  a  eompound  ganglion  Bade  up  of  ths  ganglia  of  four 
primitivs  nerve  segnents,  one  thoracic  and  three  abdoainal,  and  the  nerves 
froa  the  thres  original  ganglia  of  the  abdmea  have  gradually  lengthened  out 
as  their  respective  ganglia  aoved  forward  in  the  process  of  cephalixation. 

The  following  nerves  go  out  from  this  ganglion:  — 
1.    The  alary  nervt.  ^  This  is  a  lateral  nerve  from  the  dorsal  surface  of  the 
ganglion  to  the  wing  ouscles.    It  Joins  with  the  posterior  nerve  of  the 
aesothoracic  ganglion  and  the  two  together  (as  in  the  aesothomcic  pair) 
innervate  the  depressor  and  elevator  auscles  of  ths  wing.    The  anterior 


brweh  •xtaadt  to  th«  i^rmor  or  oater  l.y.r  of  traii«Ter.e  wcle.,  whiU 
thm  po.torior  braaeh  goo.  to  tho  mlmtor  or  Imor  layor  of  trantTore. 
■usftle.  wi%h  ftn  off»hoot  to  the  dor«al  longitudlmX  attoeleo  of  tte 
Mtathonuu 

a*    Sfthind  «nd  bolow  tho  alary  nerve  la  a  lateral  serve  to  the  eoxal  and 

trochanteral  mieelea  of  the  hind  lag  aith  branches  to  the  ventral  mnelea 
of  the  aetatborax. 

a.  The  auditory  nd  flret  abdosijial  aenre  (ae^l,).    This  nerve  not  only 

l»rvatee  the  eaall  ganglion  la  the  auditory  organ,  but  eenda  a  branch 
behind  the  "ear^  to  the  longitudinal  doreal  ausolse  of  the  firet 
abdoaiaal  eegaent,  and  to  the  Buaclee  attached  to  the  ria  of  tho  "ear." 

4.  Tbe  crural  or  leg  aerve  (crj3.)  goes  to  the  hind  leg  eith  branches  to  the 

■uecles  in  the  different  jointo  of  the  leg.    It  divides  before  entering 
the  leg,  and  one  branch  proceeds  to  the  tibial  tendon  at  the  distal  and 
of  the  fcoiur,  #!ile  the  aain  nerve  innervates  the  feaoral,  tibial,  and 
tarsal  amieles. 

5.  The  second  abdoainal  nerve  (ai^t.)  extends  backeards  to  the  longitudinal 

dorsal  Buselse  of  the  second  abdosinaX  segsent  with  branches  to  the  dorse- 
ventral  nusclee  and  to  the  auscles  attached  to  the  anss  of  the  furca, 
6«    The  second  ventral  nerve  (v^f.)  goes  to  the  ventral  auscles  of  the  second 
abdoainol  s^sent^  (^ajj^^  cr^  ttx  ^x^^v-iM^^  ^■^yo^{v,.)(r< 

7«    The  third  abdMiinal  aerve  (ae.3.)  is  honologous  vith  the  oecond. 
8.    The  third  ventral  aerve  (^^t*)  i>  honologous  vith  the  see  and. 

It  vill  be  seen  that  although  the  firet  three  abdoainal  ganglia  have 
fused  with  the  aetathoraeio  ganglion,  yet  they  still  send  off  the  nerves 
characteristic  of  an  abdoainal  ganglion  in  this  insect,  aaaely  a  long  nsrve  to 
the  dorsal  and  lateral  nuseles,  a  short  ventral  nervs  to  the  ventral  and 
Busdes*    A  reference  to  the  abdoainal  ^toglia  vill  illustrate  this  point. 
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^te.AbdoMinal  QanB3Lia 

Thtre  are  five  ganglia  in  the  abdomen  of  Diseoeteira  Carolina. 
Theee  increase  in  aize  counting  backmrd  from  the  baae  of  the  abdomen,  but 
they  are  all  eaaller  than  any  of  the  thoracic  ganglia. 

The  first  four  ganglia  each  eeod  off  two  nenrea  on  each  eide  and 
these  are  hoaologoue  with  the  nenree  of  the  first  three  abdominal  ganglia 
which  hare  fused  with  the  metathoracic  ganglion.    The  first  two  ganglia  of  the 
abdonen  are  really  the  ganglia  of  the  fourth  and  fifth  segBents,  but  they  have 
each  moved  fonmrd  one  segment  and  are  now  situated  in  the  third  and  fourth 
sesBeot  respectively.    The  next  two  ganglia  belonging  to  the  sixth  and 
seventh  segpients  have  retained  their  original  position  and  innervate  the 
muscles  of  their  own  se^ents  by  means  of  two  nerves  homologous  with  those 
in  the  preceding  five  segoents. 

The  fifth  and  last  abdominal  i^ngLion  lies  in  the  eighth  eegsent, 
and  supplies  nerves  to  the  miiscles  of  the  eighth,  ninth  and  tenth  segaents 
viiieh  include  the  genital  apparatus,  but  the  homology  of  the  nerves  character- 
istic of  the  typical  abdMsinal  sepaent  is  not  so  clear  as  in  the  preceding 
segments,  since  the  nerves  sxtending  to  the  last  two  segnents  have  fused  to 
form  one  main  nerve  with  many  branches. 

Female 

From  the  anterior  portion  of  the  ganglion  a  lateral  nerve  is  given 
off  on  each  side  to  the  ventro->lateral,  and  dorso-longitudinal  muscles  of 
the  eighth  sepirat* 

A  strong  nerve  goes  out  troia  the  posterior  end  of  the  gangli<m, 
giving  off  several  branches  on  its  way  to  the  end  of  the  abdomen.    Hear  its 
origin  this  nerve  divides  and  the  anterior  branch  innervates  the  muecles  of 
the  ninth  ssgment^ 

^0  posterior  branch  subdivides  and  its  several  ramifications  go  to 


th«  tenth  axid  eleventh  eegmonts,  where  they  innervate  the  varioue  mueclee  of 
those  ee^ente,  including  those  of  the  upper  sheath  of  the  ovipositor  and  the 
egg  guide,  - 

ventral  nerve  goee  to  the  mttseles  of  the  lower  part  of  the 
ovipositor  and  the  ventral  muBclos  near  the  end  of  the  abdwien. 

In  the  nale  there  is  a  lateral  nerve  to  the  musclesof  eighth 
abdominal  se^Mnt,  hoaologoue  with  that  in  the  female. 

The  posterior  part  of  the  ganglion  gives  off  a  strong  nerve  which 
dividee  into  two  aain  branches  near  its  origin.    The  outer  of  these  branches 
subdivides  into  three  nerves  which  go  to  the  dorso-longitudinal  auscles  of 
the  ninth,  tenth  and  eleventh  seffoents  and  the  cerci^^ 

'^^The  inner  branch  innervates  the  upper  souecles  of  the  Aale  genitsl 
apparatus,  and  gives  off  two  branches  to  the  ventro-lateral  muscles  of  the 
ninth  and  tenth  se^ents, 

from  the  under  side  of  the  ganglion  a  ventral  nerve  is  given  off 
to  the  lower  muscles  of  the  genital  apparatus, 

T^ie^  Syapathetie  Neryous  Systm 

This  consists  of  an  upper  or  stomatogastric  system,  and  a  lower  or 

median  system.  sfeW>_^aS.^vic.  Sys/--^ 

The  upper  sympathetic  system  iznervates  the  alimentary  oanal  as  far 
as  the  Ualpigjhian  tubes. 

It  originates  in  the  brain  as  a  paired  system,  the  two  nerves  of 
which  rise  near  the  labral  nerves,  run  parallel  to  them  for  a  short  distance 
and  then  curve  in  over  the  oesophagus,  sending  off  small  branches  to  the 
muscles  of  the  latter.    After  giving  off  these  branches  they  bend  upward  and 
meet  in  the  frontal  ganglion,  which  lies  over  the  median  dorsal  line  of  the 
oesophagiis. 


thm  single  rscurrent  nerve  rune  backward,  paeeing  under  the  brain 
between  the  two  connectiree.  and  appearo  to  innenrate  the  doreal  Teseel. 

In  this  insect,  as  in  many  Orthoptera,  there  is  no  dorsal  or  vagus 
systsa.    Instead  of  thie  the  paired  sy«pathetic  system  is  sell  developed  in 
the  shape  of  two  nerves  which  start  from  the  back  of  the  dentocerebnjs,  give 
•ff  the  anterior  sympathetic  ganglia,  and  proceed  in  a  posterior  direst  Ion 
along  each  side  of  the  oesophagus  to  a  small  8t(Hiachie  ganglion  situatsd 
anterior  to  the  eoeeal  pouches.    On  its  way  sach  nerve  sends  off  branches  to 
ths  longitudinal  and  circular  muscle  layers  of  the  foregut.^^ 

laoh  ef  these  stgoaehie  ganglia  produces  five  branches,  laterally 
and  posteriorly,  some  of  which  go  to  the  muscles  of  the  proventrieulus,  others 
to  the  eoeeal  pouches  or  glands,  and  the  longest  appsar  to  run  back  to  the 
posterior  coscal  pouches,  with  extensions  possibly  to  th«   Ualpighian  tubes. 

MediftB  Systf 

The  lower  or  median  systoi  consists  of  a  small  median^of  nAiich  the 
first  traces  in  this  insect  were  found  between  the  meso«  and  meta-thoracie 
ganglia,  at  which  point  two  lateral  nerves  are  given  off  and  appear  to  go  to 
the  mesothoracic  spirac^^s^ 

'^^osterior^to^  the  metathoracic  ganglion  is  another  pair  of  lateral 
nerves,  wbieh  were  traced  to  within  a  very  short  distemce  of  the  spiracle  of 
the  auditory  organ. 

The  median  nerve  was  observed  to  extend  posteriorly  between  the 
connectives  as  far  as  the  third  abd(»Binal  ganglion.    Here  it  enters  a  small 
triangular  ganglion  and  branches  out  into  two  lateral  nervss  which  run  towards 
the  spiracles  of  the  fourth  abdominal  segB«it. 

Mo  further  traces  of  the  median  system  were  observed  in  the 
specimens  sxaminsd,  -ii  "^^  ^^.Mi  It^JrlU  sJ^<^  ^<u.>i>  ^ 

owl  y^o^  -Ac  u^aul^umJ^^  ^uM;u^     ^  st<n^<J^^uM^     (k^  ^l-^  s^A:^  . 


Tkui  first  iaportazit  wrker  ob  tb«  oerroua  systea  of  inseete  wui 
H««port  ^  inTcstigated  tho  aorroiw  syttn  of  Sphinx  ligutstri. 

Bft  traewi  ih%  gproirth  of  the  aenroaa  tystaB  from  the  naily  hatchttd 
Xarva,  showing  its  deTSIopaent  throughout  the  larval  stagss,  aad  at  freqtisnt 
itttarrals  during  the  pupal  state,  to  its  final  condition  in  the  adult,  Thsss 
•xpcriasats  vsm  aeaenpsAisd  by  deeeriptiona  and  a  series  of  figures. 

L«ydig  (1864)  in  addition  to  his  work  on  the  brain  investigated 
ilM  eoapoaeat  parts  of  a  pinglion.    He  found  ^t  the  nerve  eslls  ^ieh  givs 
sff  fibres  originate  froei  a  esntral  network  of  fine  fibrilloe  to  ^eh  he 
gjave  the  nass  of  punktsnbstans  or  "fibrillar  substance." 

The  work  of  Brandt  (1875)  and  SLunehard  (1876)  on  the  variations 
in  arraagSBent  of  the  ^doainal  ganglia  in  differmt  insects  is  of  much  interest* 

UMSaard  (1880)  worked  out  the  transverse  coonissure  below  the  brain 
in  a  nunber  of  different  insects*^ 

'^^^his^  conBissure  was  first  discovered  by  Lyonnet  (17$2)  in  Cossus 
ligniperda,  aad  found  by  si^equent  investigators  in  other  insects. 

It  is  not  proposed  to  go  into  the  histology  of  the  brain  or  its 
internal  strueture,  but  aention  Buy  be  nade  of  the  so-called  "nushroos  bodies," 
#iieh  apoear  to  play  an  inportant  part  in  ths  intelligeiiee  of  insoctSw 


They  were  first  discovered  by  Dujardin  (1850)  in  Crthoptem  and 
tiyaenoptera,  but  he  did  not  recognixs  their  stalked  character  and  called  thea 
"lobes  with  coavolutitms.^,^ 

'Lsydig  (1864)  found  thea  in  Ants,  Bees,  and  lasps  and  aoMd  thM 
"stalked  bodies,"  but  did  not  grasp  ths  significance  of  the  cup  ehi^  bodies 
or  calyces  which  the  stalks  supDort.    He  recognized  the  olfactory  lobes  and 
central  body  with  which  the  "wuehrooB  bodies"  wars  later  shown  to  be  connected. 

Dictl  (1876)  w«8  the  first  to  use  sections  in  the  study  of  the  brain. 
This  Bsthod  eaaoied  hia  to  rscogniis  the  true  shape  of  these  bodies  of  Alch  hs 
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e^rn  an  accurate  deacription,  calling  thm  Pilxhutf ormiger  Korper  or 
"aushrocM  bodies. 


riogel  (1878)  exaained  these  bodies  in  the  brain  of  insects  froa  aU 
the  different  orders  and  shoved  that  the  deTelopoent  of  these  structures  is 
closely  correlated  sith  the  growth  of  inteUigence.    For  instance  they  reach 
their  highest  development  in  the  Hyoenoptera  (Bees,  Wasps  etc.)  and  gradually 
descend  the  scale  untiljthey  are  mere  rudiments  in  thejleaiptera^;^ 

'^Packaird  (1880)  described  and  figured  them  by  msans  of  sections  in 
ths  Rocky  Mountain  Locust  and  the  best  idea  of  their  structure  in  that  inssct 
may  be  gnined  by  referring  to  his  woric^^ 

<W^OBei  (1882-86)  found  them  in  the  brain  of  the  Cockroach  and  a 
Fly,  and  called  them  '*fungifonno  corpo."    He  showsd  that  they  are  connected 
by  fibres  with  the  protocerebrum.    He  also  studied  the  relations  between  the 
optic  ganglia  and  the  brain. 

Viallanes  (1884-99)  worked  out  the  development  of  the  ^mushroom 
bodies**  in  the  brains  of  insects  from  several  different  orders.    He  demonstratsd 
that  the  olfactory  or  antenaal  lobes,  and  the  optic  gangjlia  are  connected  with 
these  bodies  by  fibres  i^ieh  enter  the  cups  of  the  mushroom  bodies,  ii^ere  there 

are  masses  of  cellsj 

a. 

Yillanes  considered  that  the  mushroom  bodies  are  connected  with  the 

A 

intelligence,  since  in  Bees  and  Vasps,  i^ich  are  usually  regarded  as  the  most 
intslligeat  insects,  they  obtain  their  greatest  dsvelopment. 

The  work  of  Viallanes  on  the  brain  of  different  insects  showed  a 
great  advance  on  any  previous  investigations.    He  divided  the  brain  of  the 
adult  insect  into  the  proto-,  deato-,  and  trito-cerebnra  without  reference  to 
embryology,  but  he  found  later  that  these  three  divisions  corresponded  to  the 
three  primitive  neuromeree  or  aarre  sepaente  of  the  brain. 

Biamt  (1894)  worked  on  the  "mushroom  bodies,"  but  he  is  bsttsr  known 
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for  his  physiological  oxporiaento  on  the  brain,  of  insects.    These  experiaents 
wrs  an  i«prov«sent  on  those  of  Fairro  along  the  sau>e  linsa.  and  dsmonstratod 
that  an  insect  aay  lire  for  nonths  without  a  brain,  if  the  subossophageal 
gan^ion  remains  uninjured. 

iei^on  (1896)  investigated  the  brain  of  the  honey  bee,  and  explainod 
the  internal  structure  of  the  aushrooia  bodies  in  that  insect.    He  confinwd 
the  observations  of  Viallanes,  showing  that  the  cup  cells  are  particularly 
well  developed,  and  that  the  bodies  are  connected  by  fibres  with  every  part 
of  the  brain. 

Joneseu  (1909)  worked  on  tho  aaushrooa  bodies  of  the  honey  beo  and 
found  the  nerve  colls  in  the  cups  to  bs  differentiated  into  three  groups,  a 
■odian  group  of  larger  cells  surrounded  by  two  lateral  groups  in  which  the  csUs 
nro  nsallor.    Ho  shoved  that  these  groups  of  cells  send  down  fibres  into  tho 
stalks,  as  well  as  fibrous  tracts  into  the  protocerebrua. 


and  considers  that  the  complex  developnent  of  the  aushroom  bodies  in  these 
insocts  is  further  evidence  that  these  bodies  are  "the  chief  isotor  and  psychic 
eentors  of  the  brain,**  a  "view  held  by  investigators  of  the  ant  brain.**  She 
finds  four  groups  of  cells  in  the  eupo,  and  that  the  arrangoment  of  the  cell 
groups  in  the  ants  l«  hoaologous  with  that  found  by  Joneseu  in  the  honey  beo. 
Tho  fibre  tracts  arising  from  the  cell  groups  vary  in  the  different  castss  of 
the  ants,  the  queen  having  more  tracts  than  the  worker  or  male.    Miss  Thompson 
points  out  that  this  difference  in  the  number  of  fibre  tracts  is  not  due  to 
sito,  since  the  mushroom  bodies  of  the  worker  are  larger  than  those  of  the 
quoon  in  two  of  the  genera,  atid  about  equal  in  the  third.    This  therefore 
ooeno  to  indicate,  shs  says,  that  the  queon  has  tho  most  ocaplex  and  highest 
typo  of  brain^ 


'Fro«  all  those  observations  it  would  appear  that  the  development  of 
the  mushroom  bodies  is  closely  correlated  to  tho  intelligsnce  in  insocts. 

Their  function  has  boon  eomparod  to  that  of  the  cerebrum  in  Vsrtebratoo. 


Miss  ThoBpson  (1913)  investigatsd  the  brains  of  throe  genera  of  Ants 
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ISBte^tion  of  P^at£9 

Fig.  1.    Vwitral  vUw  of  DieaoStel^a  Carolina  $   .howing  r.n%ml  nerrou. 
•yataa  ana  its  connecti<ai«. 

Fig.  2.    Frontal  aepect  of  head  of    $     Lower  right  half  ehove  labnn.  and 
lower  left  half  givee  niaxUU  and  labium. 

Fig,  3.  Sagittal  riew  of  head  of  ^ 

Fig.  4,  Ventral  view  of  fifth  abdoninal  ganglion  of  ^ 

Fig,  5,  Sagittal  wiew  of  fifth  abdominal  ganglion  of  <^ 

Fig,  6,  fentral  Tiew  of  fifth  abdoeinal  ganglion  of  $ 

Fig.  7.  Sagittal  riew  of  fifth  abdoainal  gar^ion  of  ^ 

Fig.  8,  Part  of  aliaentary  canal  showing  the  etcaaachic  ganglion. 

Lettering  of  Figuree 


Subecripte  denote  the  niaiber  of  the  ee^ente,  except  uikler  al,  lAere 

1  and  2  refer  to  the  aeso-  and  aeta-thorax  reepectirely. 

mg,  AbdoBiBal  ganglia. 

al.  Nerves  to  the  muaclee  of  the  teg^ina  and  hind  wings, 

ant.  Antennal  nerve. 

as.  Merves  to  the  dorso  vmtral  and  dorsal  muscles  of  the  abdominal  sepmts. 

br.  Brain 

e.  Cereal  nerve. 

cr.  Merves  to  the  muaclee  of  pro->,  seso-,  and  neta-thoracic  lege, 

dt,  Nerves  to  the  dorsal  suecles  of  ths  three  thoracic  segments. 

f.  g.  Frontal  ganglion, 
fr.  Frontal  nerve. 

g.  a*  Nerves  to  genital  apparatus  of  nale. 
hyp.  Nerve  to  hypopharynx. 


lb. 

Labial  a«rT»« 

Ibr. 

Labral  nenm. 

>• 

narTtt  to  maxilla. 

md. 

Handibular  ncrrc* 

yr\e. . 

oe. 

0  cellar  nenras. 

•e*l« 

Ocallar  loba. 

o.g. 

Optie  £aaglloa« 

o.l. 

Olfaatory  loba. 

•▼. 

Norraa  to  sheath  of  oTipositer* 

P.B.g. 

Posterior  sjiapathetie  ganglion. 

Suboaeophageal  ganglion • 

st.g. 

Stoaaehie  ganglion. 

tg. 

Thoracis  ganglion. 

tr.c. 

Transverse  or  suboesophageal  esHoiesure. 

Rerveo  to  ventral  nusoles  of  the  abdoninal  eegaents. 
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Ooneral  Gharactera 
The  insects  of  the  genus  Scellphron  of  the  sub-family 
Sceliphroninae  found  in  North  America  are  of  mediuia  to  amaU 
size,  varying  from  half  an  inch  to  an  inch  even  within  the 
sane  species.    The  winga  are  large  in  proportion  to  the  some- 
what slender  body  and  the  legs  are  long,  especially  the  hinder 
pair.    The  surface  of  the  body  is  almost  completely  covered 
with  punctures  varying  in  sixe  and  proximity  to  each  other 
and  with  haire  differing  in  length  and  density  on  various 
parts  of  the  body.    It  will  be  noticed  that  the  nature  of 
the  punctation  bears  a  close  relation  to  the  size  and  dis- 
tribution of  the  hairs,  in  that  each  puncture  usuedly  has  its 
corresponding  hair,  though  some  of  these  are  rubbed  off  in 
older  specimens.    In  other  words  the  punctures  mark  the  places 
ef  attachment  of  the  hairs  to  the  chitinous  integument  of  the 
insect's  body. 

Some  of  these  punctures  are  so  small  as  to  be  visible 
only  under  a  high  powered  lens  and  the  corresponding  hairs  are 
very  fine  and  usually  decumbent.    Such  hairs  may  be  seen  on  the 
dorsal  segments  of  the  abdomen  and  the  terms  "fine  sericeous" 
or  "sparsely  sericeous"  are  applied  to  such  areas.  Similar 
minute  but  somewhat  denser  hairs  are  found  on  the  legs  and  are 
called  "sericeous"  or"denoely  sericeous."    These  last  are  dark 
or  whitish  according  to  the  species,  while  the  "coarse  sericeous" 
hairs  found  on  portions  of  the  fere-  and  hind-tibiae  are  always 
dark. 


There  are  two  regions  in  which  the  hairs  are  seen  to  lie 
flat  down  on  the  integument  and  are  so  cloeoly  set  as  to  hide  the 
ground  color  of  the  body,  and  give  it  a  soft  ^satiny  appearance 
when  viewed  from  certain  angles.    The  hairs  in  these  regions  are 
called  "pubescent,**    One  region  is  found  along  the  sides  of  the 
dypeluj  and  the  frona  where  the  hairs  are  silvery  and  more  de- 
veloped in  males  thari  In  females,    Tho  o  thor  region  consists  of 
two  somewhat  circular  areuf»  on  the  third  and  fourth  ventral  aeg- 
aente  of  the  abdomen  of  Sceliphrop  cyonoum  females,  and  the  hairs 
in  this  instance  vary  from  dark  to  pale  bro'«n  when  e&en  from  dif- 
ferent angles. 

From  the  above  deeoription  it  oay  be  noticed  that  the 
tenas  "eerioeous**  and  ** pubescent**  apply  to  fine  decumbent  or 
semi-decumbent  hairs  and  the  chief  point  of  distinction  seems 
to  be  in  their  density  and  length,  since  the  sericeous  hairs  are 
shorter  and  only  partly  disguise  the  color  of  the  integument,  while 
the  longer  pubescence  may  completely  hide  the  underlying  chitin. 

The  remaining  portion  of  the  vestiture  of  the  body  in  these 
insects  is  composed  of  erect  (vr  nearly  erect,  more  or  less  coarse 
hairs  which  are  attached  to  distinct  punctures  of  varying  siies  and 
density  of  arrangement.    In  connection  with  this  part  of  the  vesti- 
ture the  writer  has  used  the  terms  "hairs"  or  "erect  hairs"  coupling 
with  them  various  epithets  to  denote  gradations  in  density  and 
coarseness.    The  coarsest  hairs  are  found  on  the  clypens,  the  genae, 
the  "end"  and  "sides"  of  the  propodeum,  the  sternum  of  the  meeo- 
thorax,  and  the  coxae.    The  hairs  on  the  "dorsum"  of  the  propodeum, 
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th«  thoracic  pleuva,  the  prothoraelo  lobes,  the  dors&l  surface  of 
the  petiole  and  the  undersides  of  the  trochanters  and  femora  are 
perhaps  not  quite  so  dense  and  coarse  as  those  in  the  first  class, 
but  the  gradations  are  so  slight  that  no  marked  line  of  distinc- 
tion can  be  drawn.    The  smallest  erect  hairij  occur  on  the  dorsal 
portion  of  thn  sixth  or  terminal  segiaont  of  the  female  abdomen 
and  along  the  aides  of  the  ventral  portions  of  the  abdominal  seg- 
ments in  males  and  females* 

Certain  areas  of  the  integument  are  marked  by  more  or 
less  parallel  grooves  known  as  "striations",  other  parts  by  fine 
irregular  mised  lines  enclosing  shallow  punctured  areas  and  giving 
a  condition  known  as  "rugose". 

These  insects  do  not  show  any  startling  color  uarkinge 
or  bands,  the  body  being  more  or  less  evenly  colored  with  shadee 
of  metallic  blue,  black,  or  green,  sometimes  with  purple  or  violet 
reflections.    As  mentioned  above,  the  actual  body  color  is  some- 
tiaee  obscured  by  the  closely  set  vestiture  of  fine  pubescence. 
The  wings  may  bo  dark  brown  to  pale  htrntf  even  in  the 
same  species,  or  thoy  may  be  hyaline  with  fuscous  tips  and  in 
most  oases  ^tm^  may  show  violet  to  bluish  reflections  in  certain 

lights,  W'^VWdl    axat-<>Hv^  [iiCM^\>C^lj 

jMaalytiaei  Key» 
A  very  gjod  nforkinc  t-^Ht  fn.iiin*«  nf  thn  Bphegoidea 

iB  given  by  /Vohmead^  and  ohould  be  aensultod  by  4hese  tntereoted> 

I'Ue  fellowiiii!;  table  of  the  subfamlUee  of  the  Opeeidao  has 
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lixtTnaX  Anatomy 

The  haad  ia  medium  to  large,  broader  than  high,  and 
eeen  from  above  Is  traneveraely  elongate.    The  compound  eyes 
are  large,  eomowhat  oval  bodies,  extending  from  the  sides  of 
the  vertex  almost  to  the  base  of  the  mandibles. 

Seen  from  in  front  they  oooupy  together  an  area 
about  equal  to  that  which  lies  between  them,  while  on  a  side 
view  each  eye  covers  about  twice  the  area  of  the  cheek  which 
lies  behind  it.    They  are  narrowest  at  the  top  i^ere  they  are 
bluntly  rounded,  and  gradually  expand  towards  the  bottom  where 
they  are  broadly  truncate  with  a  slight  emargination  to  re- 
ceive the  lateral  extensions  of  the  clypeMs.    The  eyes  may  be 
nearer  each  other  at  the  vertex  than  at  the  olypeiis,  as  in 
females,  or  the  reverse,  as  is  the  case  in  males  of  the  species 
dealt  with  in  this  paper. 

Clypeits .     The  olypeus  is  roughly  a  trapexiform  plate  lying 
below  the  antennae  and  occupying  the  lower  central  portion  of 
the  front  of  the  head  with  its  lower  angles  extending  later- 
ally under  the  compound  eyes  to  form  part  of  the  articulation 
of  the  mandibles.    On  either  side  of  the  clypens  is  a  narrow 
downward  extension  of  the  frons  bounded  externally  by  the 
inner  margin  of  the  eye,  internally  by  the  lateral  clypeal 
suture,  and  ending  below  in  the  lower  of  two  foveae.    A  second 
•r  upper  fovea  is  also  present  about  half  way  to  the  top  of 
the  clypens  from  this  point  close  to  the  suture  between  ely- 
pettfl  and  frons,  but  apparently  in  the  latter  plate.    The  lower 


Margin  of  the  clypeiu  i«  normally  trldantate,  but  the  rela- 
t4ir«  size  and  ahape  of  the  teeth  varies  in  species  and  indi- 
viduals.   These  variations  will  be  noted  under  the  deecrip- 
tions  of  species.    The  lower  margin  of  the  clypeUe  is  narked 
by  a  transverse  to  quite  emarginate  suture  below  the  base  of 
the  aBtennae»  and  the  lateral  clypeal  sutures  may  be  continued 
upward  as  faint  lines  meeting  between  the  antennal  pits  thus 
forming  a  small  triangular  area  above  the  truncated  apex  of 
the  clypens,  or  these  lines  may  end  at  the  suture  which  is 
then  distinctly  emarginate  and  its  ends  curve  upmrds  on 
each  side  almost  to  the  base  of  the  antennae.    The  central 
area  of  the  olypelts  is  convex,  with  a  more  or  less  distinct 
median  ridge,  and  is  covered  with  rather  long  erect  black 
hairs  and  closely  set  coarse  punctures,  and  may  be  partially 
clothed  with  a  silvery  pubescence. 

frons.     The  frons  lies  between  the  clypeits  and  the  ocelli 
but  extends  downwards  on  each  side  between  the  clypeus  and 
the  compound  eyes  and  upwards  on  each  side  of  the  ooellar 
area  as  far  as  the  ocellooular  line.    This  is  a  line  from 
the  top  of  the  compound  eye  to  the  lateral  ocellus  on  each 
tide.    The  sides  of  the  frons  extending  along  the  inner  mar- 
gin of  the  compound  eyes  are  somenriiat  sunken  below  the  rest 
of  the  fsioial  area  and  are  closely  punctate. 

The  frons  as  a  whole  is  usually  covered  with  coarse 
oroct  black  hairs,  and  the  sides  are  more  or  less  clothed  with 
fine  silvery  puboscenoe  which  is  seen  to  the  best  advantage 
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from  behind.    A  short  median  aiwiosd  line  runs  from  between 
the  antennae  to  within  a  short  distanoe  of  the  median  ocellue, 
QoelXi.     The  three  ocelli  lie  near  the  top  of  the  head  form- 
iag  a  triangle  with  the  median  ocellue,  the  largest  of  the 
three,  below.    The  base  of  the  triangle,  or  postocellar  line, 
is  always  greater  than  the  distance  between  the  median  and 
either  lateral  ocellus,  and  always  less  than  the  ooellooular 
line.    The  exact  proportions  vary  with  the  species.    The  sur- 
face between  the  ocelli,  or  intraooellar  area,  is  slightly 
raised  and  each  of  the  ocelli  has  a  slight  depression  at  its 
outer  base« 

Vertex «       Behind  the  o colli  is  a  shallow  oblong  depression, 
and  posterior  to  this  there  may  be  a  raised  oval  area,  which 
might  be  regarded  as  the  vertex  proper,  but  in  this  paper  the 
vertex  is  that  part  of  the  head  bounded  anteriorly  by  a  line 
through  the  lateral  ocelli,  posteriorly  by  the  occipital  ridge 
and  laterally  by  the  genae  and  tops  of  eyes, 
(j)cciput.       The  occiput  is  the  narrow  circular  strip  at  the 
back  of  the  head  surrounding  the  occipital  foraaen,  but  is  of 
no  systenatio  importance. 

Qtnae.  The  cheeks  or  genae  are  paired  sclsrites  at  the 

back  of  the  head  between  the  compound  eyes  and  the  occiput,  and 
extend  from  the  vertex  to  the  base  of  the  mandibles.    They  art 
narrowest  at  the  top  and  gradually  widen  ventrally  whore  they 
curve  in  on  each  side  to  meet  between  the  occiput  and  the  gular 
cavity,  and  extend  laterally  outwards  under  the  eyes  to  meet 
the  dypeal  extensions. 


The  mouth  parte  with  the  excoption  of  the  mandibles 
do  not  appoar  to  be  of  eyetematic  importance  but  mention  may 
be  ttade  of  the  labrum  which  ie  a  narrow  oblong  etrip  attached 
under  the  lower  edge  of  the  clypotts.    In  pinned  epeoimene  it 
ie  usually  hidden  behind  the  closed  loandibles,  but  if  these 
are  opened  the  labrum  can  be  seen  as  a  flap  lying  over  the 
top  of  the  other  mouth  parts, 

Uandibles,     The  mandijles  of  females  are  long,  rather  curved, 
bluntly  rounded  at  the  tip,  and  may  or  may  not  have  a  tooth  on 
the  inner  side  according  to  ihe  species.    In  males  they  are 
shorter  and  taper  to  a  point. 

The  extension  of  the  lower  angle  of  the  clypeits  meets 
a  corresponding  extension  of  the  genae  and  the  two  together  fur* 
nish  artioulatluns  for  the  mandible  in  the  following  manner.  On 
the  under  part  of  the  olypeal  extension  is  a  condyle  which  fits 
into  a  socket  on  the  upper  side  of  the  uandibloi  while  the  geiud 
piece  has  a  facet  to  receive  the  condyle  on  the  lower  side  of 
the  ioandible.    There  is  also  a  median  basal  projection  on  the 
outer  aide  of  the  mandible,  serving  ae  an  attachment  for  maseles. 
This  projection  fits  into  an  emarginaiion  on  the  lower  margins 
•f  the  olypeal  and  genal  extensions  when  the  mandible  is  closed, 
but  swings  inwards  leaving  the  emargination  empty  when  the  man- 
dibles are  open. 

Antennae.     The  antennae  are  situated  in  the  middle  of  the  frontal 
areaamd  articulate  in  two  oval  sockets  facing  obliquely  outwards, 
thus  giving  the  antennae  a  wide  range.    They  are  of  medium  length 


coneieting  of  12  aegments  in  th«  feaala  and  13  in  tho  uialt. 

The  proximal  aegiaent,  or  aoape,  is  divided  into  a  email 
basal  portion,  the  bulb,  which  articulatas  with  the  head  in  an 
eval  aocket,  and  a  larger  part  the  scape  proper.    The  latter  is 
to  all  appearances  a  osparatc  segment  from  the  bulb,  but  the 
two  parts  are  generally  regarded  as  one  segment.    The  true  scape 
is  soiaewhat  oval  and  enlarges  suddently  after  its  junction  with 
the  bulb,  forming  the  thickest  part  of  the  antenna^.    The  second 
segment,  or  pedicel  is  email,  rounded  proximally  where  it  articu- 
lates with  the  scape  and  tz*uncate  distaliy  where  ix  joins  the 
first  fiegmeni  of  the  filament.    The  reniain^ng  segnienxs  are  known 
as  the  flagelium  or  filament  and  are  more  or  less  cylindrical. 
All  the  segments  of  the  flagelluu,  except  the  last,  are  narrower 
at  their  proximal  ends,  the  first  being  noticeably  so  formed. 
The  first  three  segments  are  about  the  atme  length  and  either 
the  first  or  second  may  be  the  longest  according  to  the  species. 
The  rwaaining  segments  gradually  decrease  in  length  to  the  penult- 
imate, which  is  tne  shortest.    The  last  segment  is  slightly  longer 
again  and  tapers  distaliy  to  a  more  or  less  truncate  end. 
The  Antennae  are  dark  in  color,  ths  scfipe  and  pedicel  being  either 
dark  blue  or  dark  green  with  strong  hairs  on  the  inner  side,  whil« 
the  flagellum  is  dull  black,  but  the  covering  of  fine  recumbent 
hairs  may  give  it  a  greyish  appearance. 

Thorax 

prothorax.    The  prothorax  falls  naturally  into  two  parts,  a  some- 
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vh&t  narrow  anterior  portion  artlouiating  vlth  the  head  and 
tnovn  as  «ho  neoki  and  a  broader  part  behind,  whioh  articulatet 
with  the  ueeothorax  and  is  ueualiy  bormed  the  collar.  Geen 
from  above  the  neok  is  flatly  convex,  narrow  in  front  and 
widening  poeterlorly  to  fuse  with  the  collar,  and  the  angle 
of  inclination  of  the  dereal  eurfaoes  to  each  other  varies, 
being  sometimes  acute  and  eoaetitaes  a  right  angle.    The  an- 
terior doreal  of  the  neck  is  slightly  reflexed  and  is  usually 
hidden  within  the  occipital  foramen  into  which  the  neck  fits. 

The  ventral  surface  of  the  nock  ie  shorter  than  the 
dorsal  and  is  composed  of  two  plates  douely  approximate  along 
a  median  suture  and  together  forming  the  epistemum  of  Snodgrass, 
The  anterior  portions  of  these  plates  are  narrow  and  concave  and 
fit  closely  under  the  convex  extension  of  the  prothorax  to  form 
with  it  a  short  cylinder  which  fits  into  the  occipital  foramen, 
and  gives  the  head  freer  movement.    These  plates  widen  poster- 
iorly into  two  lobes  vihose  posterior  jaargins  are  convex  and 
unite  with  the  concave  ventral  aurfaoe  of  the  collar  to  form 
articulations  for  the  coxae.     The  saiaU  triangular  sternum  lies 
between  the  bases  of  the  coxae  and  adds  support  to  their  arti- 
culations. 

The  dorsal  surface  of  the  collar  is  somewhat  flat  an- 
teriorly, but  slopes  upwards  «m4  soiBetimes  almost  vertically  to 
a  rounded  crest  at  the  back  *^hioh  is  divided  by  a  median  furrow 
into  two  lobee.    The  anterior  dorsal  surface  may  be  slightly 
arched  and  almost  horizontal  so  that  it  forms  nearly  a  right 


angle  with  the  posterior  surface,  the  lobee  being  rounded  and 
net  prominent,  or  it  may  fona  an  acute  angle  wit^i  the  potterier 
eurfaco,  in  which  ease  the  loUe  are  rather  sharp,  with  their 
create  higher  thim  the  mesonftxuffl. 

The  poeterior  region  of  the  oollar  is  soxaewhat  verti- 
cal and  extende  over  the  anterior  margin  of  the  aosonetum  which 
hae  a  broad  median  projection  under  it» 

Between  the  lateral  edge  of  the  episternum  and  the 
anterior  lateral  nwirgin  of  the  collar  ia  a  very  narrow  plate 
oailed  the  epiaeron  which  hae  been  partly  telescoped  under  the 
collar.    This  narrow  etrip  appears  to  be  the  continuation  of 
the  unxerior  a&rgin  of  the  neck.    The  epimeron  suddenly  grows 
wider  ventrally  and  extends  to  the  base  of  the  coxa  on  each 
eide.    The  oollar  extends  ventrally  as  far  aa  the  epimeron  and 
its  lower  poeterior  uargin  projects  over  a  portion  of  the  neeo- 
thorax  in  the  fom  of  a  eemicireular  lobe,  called  the  prothoraele 
lobe  by  Femald.    This  lobe  touches  the  side  of  the  mesonotum 
above  and  covers  a  Repression  on  the  meeopleuron  at  the  bottoa 
of  which  lies  a  spiracle. 

Meeothorax.     The  mesonotua  is  a  broad,  rather  sellate  plate 
with  its  anterior  margin  articulating  ^»dth  the  posterior  margin 
of  the  collar  and  at  the  sides  with  the  prothoracic  lobe.  Ite 
lateral  wargins  are  Bowowhat  enarglnate  to  receive  the  tegulae 
and  slightly  reflexed  while  its  broadly  truncate  posterior  mar- 
gin i»  closely  applied  to  the  eoutellum.    hying  between  the 
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latena  wargin  tmd  the  msdiun  line  on  oach  aide  ia  a  shallow 
groove  starUug  from  ihe  poixorior  margbi  mwi  ©xtonding  for- 
warcia  iav  about  on«i  i.nird  the  ioii^t^i  of  ihe  woBonotuxc, 
I  Near  iJid  aonxerior  snd  of  eioh  groove  -there  le  a 

curved  incised,  lin»  ext»ndia^  forwarde  for  the  uiddle  third 
of  the  segt^ent.    These  curved  liaea  iiay  be  the  parapsidal 
groovoe,    a  shoi-t  straight  line  c:in  be  seen  lying  along  the 
amtarior  third  of  the  madian  depression  of  the  aaaonotum. 
The  soutoliuni  io  a  ruLhor  naiTow  plai-e  lyinj^  boiiind  the  meso- 
noi.u;:;i.    It  is  diuvinctly  raised  in  the  ioiddle  ;uid  usually 
Marked  by  a  faint  median  deprosBion.    It  has  a  lateral  for- 
TWird  extension  jxi  each  aida  aa  frar  as  iho  fmee  of  ih<5  fore 
wings  and  te^ulac  broken  oy  two  deep  uiivitiee,  n  Hsa^ill&r  one 
on  &ich  side  of  thu  raised  central  portion  und  a  larcrer  cavity 
froai  whion  the  fore  .vini^s  have  been  evaginated.    These  t-;e 
oavitios  are  separated  by  a  sharp  rid^a.    The  mesouleuron  is 
a  large  platci  oooupying  the  side  of  the  nesothurax  and  extend- 
ing obliquely  fra.ti  behind  tha  protharaeic  l<*be  to  the  bfxse  of 
the  -aesoooxa  Vflrhare  ix  and<  in  an  elevation  evidently  serving 
to  pr«vent  furthe-"  dorsal  flexure  of  the  leg.    The  mesopleuron 
is  bounded  dorsally  by  part  of  the  joesjoootum,  iind  by  the  over- 
hanging edge  of  the  soutelluia,  but  its  ventral  liaiits  are  not 
defined.    Its  anterior  ajargin  thaws  u  deep  depression  under  the 
prothoracic  lobe  bearing  a  spiracls  which  is  protected  by  the 
lobe,  but  its  posterior  boundaries  are  rather  vague. 
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This  plate  le  divided  by  morphologitte  into  three 
parte,  the  pre-epiatemum,  the  epistemum  and  the  epimoron. 
The  episteraal  groove  is  a  ohallow  lateral  depression  ac.rked 
by  eeattered  ridges  and  separating  the  pra-epistenum  fro« 
the  epiBtemuiB.    The  epimeron  has  no  definite  limits,  but 
lies  in  the  broad  depresnion  extending  obliquely  down  the 
sides  of  the  body  and  marked  by  distinct  foveas.    This  de- 
pression is  known  as  tho  Tnetapleuyal  groove. 

There  is  no  appar^int  suture  or  line  separating  the 
inosopleuron  from  the  sternum  or  ventral  plate.    The  latter 
is  a  large  plate  occupying  the  ventral  surface  between  the 
fore  and  middle  coxae  and  narked  by  a  distinct  median  suture 
with  a  shallow  AoproBoion'  ar>yand  it.,  cumof  itie  «^4So(>l«ut-oK  Csa  sKovi- 

W  «>v^»Kv««5  at.|.ea.ylv.<)  aisttVcH^  incisAcl 'vim  c  sKftllov  de<»-«3sloK  a.vouv,<i  a- , 

The  epistemal  groove  is  continued  ventrally  on  each 
side  and  curves  forward  to  meet  behind  the  bases  of  the  pro- 
coxae.    This  groove  divides  the  maao-sternuw  into  the  prapectus, 
or  small  portion  anterior  to  the  episternal  groove,  and  tho  meso- 
sternum  proper,  which  extends  t j  the  bases  of  the  meso-coxae, 
whose  articulations  it  bears. 

Metathorax.      The  postscutolluia  is  a  narrow  plate  lying  behind 
the  scutellum  to  which  it  is  somewhat  closely  applied  and  in 
front  of  the  propedeum  from  which  it  is  separated  by  a  deep 
fissure.    Its  lateral  extensions  arg  from  two  to  threo  tiaes 
as  broad  as  the  niiddle  portion,  and  have  a  deep  cavity  from  which 

the  hind  wings  arise,  and  a  lauch  shallower  cavity  on  each  tide 
of  the  central  portion  of  the  plate.    The  posterior  margins  of 
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the8«  lateral  piecee  are  somewhat  fl-mged  and  extend  aver  the 
anterior  margin  of  the  propodeum  and  the  rloraal  edgee  of  the 
metapleura.    outside  the  cavity  of  the  hind  i»lngs  on  each  side 
is  u  eiDall  oval  protuberance,   aometimee  called  the  metapleural 
lobe. 

The  aetapleuron  ie  a  somewhat  indefinite  plate  *ith 
its  dorsal  portion  lying  obliquely  under  the  hind  w.iaj~s  and  its 
ventral  extending  hori«ontally  under  the  side  of  the  propodeua. 
It  ie  broad  doreally  where  iti  limits  are  well  defined,  but 
gradually  narrows  ventraUy  when  its  boundaries  become  rather 
indefinite,  being  more  distinct  in  one  species  thsn  the  other^. 

The  hind  legs  are  both  at  the  ventral  posterior  end 
of  the  raefcathorax  with  the  smUl  laetastemal  area  lying  between 
the  coxal  cavities. 

Abdoaen 


The  median  segment  or  propodeuin  liee  between  the  post" 
ecutellum  and  the  base  of  the  petiole,  and  is  bounded  laterally 
by  the  metapleura.    It  is  really  the  first  segment  of  the  abdo- 
men which  has  become  closely  connected  with  the  thorax,  and  it 
was  regarded  by  early  writers  as  part  of  the  metathorax.  Behind 
the  propadeum  is  a  very  slender  cylindrical  petiole  which  eud"* 
denly  enlarges  near  its  posterior  end  ty  the  size  of  the  abdomen, 
The  petiole  and  its  enlarged  poeterior  portion  fona  the  second 
abdominal  segment  proper  out  for  our  purpose  it  can  be  regarded 
as  the  first  segment  of  the  abdomen. 
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The  propodeaui  therefore  li«a  bet>»een  tno  Mbtathorax 
and  the  patiuie  and  is  fua«d  with  the  fo-'mar  except  for  a 
dorsal  fisBu/'d  aoparating  it  frozn  the  poatecuteilum. 

Its  doreni  aurfnoe  or  dorrja  axienda  from  behind  the 
poetDCutollum  to  iho  point  where  the  body  begins  to  slope  ven- 
trelly  towards  tha  baafi  of  tho  petiole,    Thiu  point  ie  marked 
by  a  mora  or  looo  diatiuot  ♦oveu  or  pit.    The  shape  of  the 
dorauia  varisw  with  the  specioa,  since  ite  poebeT*tor  margin 
my  JO  jiverily  ruundad,  or  ite  siies  may  converge  to  a  point. 
Its  surfaee  .ouy  b©  laoro  or  lees  atrifitod,  and  a  median  groove 
nay  be  preeent  or  absent .    On  each  olde  ox*  the  doreoia  is  a 
spiracle  belont.^liig  to  uhe  propodeuia;  thifs  lioo  in  i,Ha  anterior 
half  of  the  eeg^idnt  in  the  line  of  th<)  dfiproouion  which  marks 
the  iinlta  of  Iho  dorauw.      The  portion  of  tht*  propodeum  behind 
tJae  doreu-Ti  io  tamod  iha  end  by  Fornald.    It  axtenda  posteriorly 
as  far  as  the  petiole  and  its  hinder  margin  io  strongly  reflexed 
io  provont  1.00  great  doranl  flexure  of  the  petiole.    The  end  is 
bounded  lateraily  oy  a  fauit  aeproe.iion  extending  forward  on 
•aeh  side  froJi  the  base  of  the  rnj;tfv«oxa  to  tho  otigaa  or  spiracle. 
This  io  kr*own  aa  the  stigmaUl  groove.    Between  thi**  groove  and 
the  netapleuron  io  tlio  renialnUt  ;)ortiori  of  the  median  segment, 
knovn  as  the  side. 

The  fiojiewhat  a  lender  petiole  i«  usually  narrower  basolly 
than  dis tally.    It  variee  in  lengtn  usual'ly  with  the  si»e  of  the 
speciaen,  and  hac  a  slight  dow^ard  curve.    At  the  base  of  ths 
dorsal  side  of  the  petiole  is  a  small  elevator  muscls  called  the 
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funioului,    AS  mentioMd  above,  the  petiole  is  a  elender  cyl- 
inder for  the  greater  part  of  ite  length,  but  enlarges  doreally 
near  ite  hinder  end  to  join  the  second  segment  of  the  abdomen. 
The  sternal  portion  of  the  cylinder  extends  continuously  to 
the  sternum  of  the  second  abdominal  segment  with  which  it  is 
oonneoted  by  a  membranous  strip.    The  dorsetl  portion  of  the 
eylinder  is  shorter  thus  giving  the  petiole  proper  the  ap- 
pearance of  being  cut  off  obliquely  and  the  intervening  space  ^-etw^etx 
its  posterior  edge  and  the  anterior  dorsal  edge  of  the  second 
abd<Hiinal  segment  is  covered  over  by  a  roundly  convex  plate« 
This  plate  nay  be  regarded  as  the  true  notum  and  is  hinged  to 
the  petiole  proper  along  its  anterior  dorsal  edge  by  a  thinly 
ehitinited  strip,  thus  allowing  considerable  flexion  along  that 
region.    The  notum  sends  down  a  flap  on  each  side  which  extends 
below  the  edge  of  the  sternum  but  is  connected  with  it  on  the 
inner  side  by  a  membrane,  so  that  the  lower  portion  of  the  flap 
is  free  on  each  side.    The  posterior  margin  of  the  notum  widens 
out  to  fit  over  the  anterior  margin  of  the  second  abdominal 
segment,  and  botveen  the  two  plates  is  a  thinly  chitinised  strip 
similar  to  those  found  between  any  two  other  abdominal  segments. 

The  modification  of  the  petiole  may  be  interpreted 
AS  follows.    The  cyiindrioel  pertion  i^essibly  the  result  of 
the  gradual  curling  up  of  the  sternum  and  pleuron  on  each  side 
and  the  ultimate  dorsal  fusion  of  the  pleura  to  form  a  solid 
tube.    During  this  process  the  notum  appears  to  have  been 


gradually  pushed  backwards  until  it  finally  came  to  occupy  its 
presant  position  as  a  convex  plate  fitting  over  the  distal  end 
of  the  cylinder.    The  above  is  only  a  brief  suggestion  as  to 
the  process  through  which  the  petiole  may  have  passed  in  order 
to  reach  its  present  highly  specialiied  condition,  but  this  sub- 
ject is  of  sufficient  interest  to  be  worked  up  from  a  morpho- 
logical standpoint. 

The  portion  of  the  abdomen  behind  the  petiole  is  of 
normal  sise  widening  suddenly  to  a  somewhat  ovate  form.  In 
feaales  the  tip  of  the  abdoaan  is  dorso-ventrally  flattened  to 
a  blunt  point,  while  in  males  the  tip  is  more  or  less  truncate 
and  curved  under.    In  females  six  segments  are  visible  dorsally 
and  ventr-illy,  ^il«  males  show  seven  on  top  and  eight  below* 
The  spiracles  are  on  the  anterior  dorso-lateral  portion  of  the 
segments  and  occur  on  all  the  segments  in  females  and  males, 
but  usually  only  those  on  the  first  two  segments  are  visible 
in  pinned  opeciinens.    The  third  and  fourth  ventral  segments  of 
the  female  may  or  may  not  hav^ubescent  spots  on  their  ventral 
Burfaces  and  the  posterior  margin  of  the  third  ventral  segment 
may  be  sinuous  or  almost  straight,  according  to  the  species. 
In  males  the  fourth  and  fifth  sepnflnts  are  finely  p^pbescent 
along  their  posterior  margins  nnd  the  third  and  sixth  may  be 
slightly  pubescent  also.    These  segments  are  flattened  or  even 
concave  giving  the  abdomen  a  compressed  appearance  ventrally. 
The  genitalia  are  usually  withdrawn  inside  the  posterior  seg- 
ments so  as  to  be  almost  completely  hidden.    In  conjunction  with 
Other  characters  they  may  be  used  in  separating  males,  but  they 
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have  not  been  so  employed  in  thie  paper.    The  eixth  or  teraiaal 
•egment  of  feoalee  it  modified  to  protect  the  genitalia,  and  at 
the  eame  time  to  allow  them  free  play.    The  ventral  portion  of 
the  terminal  segment  is  longer  than  the  doreal  and  its  tip  ie 
somewhat  sfuarely  truncate.    It  hae  a  flap  en  each  side  which 
fold  together  dorsally,  while  the  triangular  dorsal  portion  fits 
over  the  haaal  part  of  the  segjnont. 

Wings 

The  wings  are  of  medium  size  and  may  be  either  hyaline 
and  fuscous  at  the  tips,  or  evenly  colored  in  varying  shades  of 
brown  showing  blue  violet  in  certain  lights.    In  this  paper  the 
nomenclature  of  veins  and  cells  given  by  Cresson  end  used  by 
Fernald  in  his  North  American  Digger  Wasps  has  been  followed^ 
audi  Cemetoek*s  Bytew-e^-Hemenelartoy  Aa  alse  ineludedy   It  Is 
not  proposed  to  give  a  general  description  of  the  wings  but  the 
characters  of  systematic  iraportamoe  will  be  mentioned  in  the 
table  for  separation  and  under  the  descriptions  of  the  species. 
A  reference  to  the  figures  at  the  end  of  this  paper  will  furnish 
all  the  necessary  details. 

i££S, 

The  Itogs  are  long  and  slender  especially  the  hind  pair, 
and  in  addition  to  the  hairs  and  spines  mentioned  below,  all  the 
segments  are  clothed  with  a  fine  to  coarse  sericeous  hairs,  dark 
or  whitish  according  to  the  species. 
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All  the  00XI14  are  oloihed  with  8oiB<i«hat  long  hairs  but  have 
no  spines;  the  fore*  and  aiddle-eoxae  are  both  snuiller  than 
the  hinder  pair,  which  articulate  closer  together  than  either 
of  the  other  two  pairs.    The  trochanters  are  all  snaller  than 
their  ccrreoponding  coxae  snd  have  scattered  hairs  mostly  on 
the  inside.    The  femom  in  the  three  pairs  of  legs  are  all 
stouter  than  the  tibiae  with  i^ieh  they  articulate  but  while 
the  fore  and  middle  femora  are  distinctly  longer  than  the 
eorreeponding  tibiae,  the  hind  femur  and  hind  tibia  are  about 
equal  in  length.    The  femora  have  no  spines  but  are  covered 
with  rather  long  hairs  on  the  inside.    Round  the  tip  of  each 
tibia  ie  a  circle  ef  small  spines  two  of  which  are  usually 
longer  than  the  others,  and  each  tibia  usually  has  a  row  of 
small  recumbent  ©pines  all  its  oides.    The  fore  and  hind  tibia 
has  a  densely  sericeous  area,  the  former  in  a  vmall  strip  on 
the  inside  near  its  distal  end,  and  the  latter  in  a  narrow 
strip  along  its  outer  side.    The  fore  tibia  has  a  large  some- 
what modified  spine  with  a  chitinous  blade  and  some  fine  haire 
on  its  inner  surface.    This  spine  runs  parallel  to  the  first 
tarsal  segment  which  has  a  similar  modification  on  its  outer 
side.    This  structure  forms  a  cleaning  apparatus.    The  middle 
and  hind  tibiae  each  have  twu  strong  »pinea  of  unequal  length, 
but  only  the  hind  tibia  has  a  cleaning  apparatus  which  is  a 
little  different  to  that  on  the  fore-tibia  as  will  be  seen  from 
a  comparison  of  the  figures.    The  tarsus  in  each  leg  consists 
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of  flva  a«gment£i  the  first  of  which  !•  nuoh  longer  than  any 
ef  the  others  and  Is  oalled  the  metatarsus.    All  the  tarsal 
segiaento  are  covered  with  closely  set  spines,  those  at  the 
diatal  ends  being  longer  than  the  others. 

The  last  tarsal  segment  is  provided  with  a  pair 
of  strong  curved  elawo,  between  which  is  well  developed 
pulvlllus.    On  the  inner  side  of  the  claws  near  their  bases 
there  are  usually  two  or  three  fine  iaaMbe  hairs  one  longer 
and  stiff er  than  the  others,  while  about  the  middle  ef  the 
inside  of  the  claw  there  may  be  a  ecall  tooth.    These  teeth 
occur  only  on  the  olaws  of  the  fore*-  and  middle  legs  in  these 
insects. 

Sensory  Areas  on  the  Antennae  of  these  jpeoies 
In  the  females  of  both  cyan  sum  and  giiBmermannl  all 
the  segments  of  the  filament  have  somewhat  irregularly  oblong 
apparently  bare  regions  lying  along  their  inner  sides  when  the 
antennae  are  held  curled  forward.     These  areas  appear  slightly 
depressed  and  usually  darker  than  the  reiattining  parts  of  the 
aegmsnte  owing  to  the  absence  of  the  fine  recumbent  hairs  with 
which  th/othor  portions  are  covered.    ??hen  the  antennae  are 
cleared  and  mounted  the  above  areae  are  seen  to  be  covered 
with  pita  and  hairs  of  various  slKca  probably  of  a  sensory 
nature.    The  structures  on  the  male  antennae  appear  to  be  more 
complicated  aince  in  addition  to  deprasaed  regions  along  the 
inner  1>aaal  portion  of  each  filamentouc  segment  they  have  some- 
what oval  to  oblong,  bare,  brown  to  blackish  areas  on  the  diatal 
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end  of  the»«  sognents.    Thet«  areas  when  olearad  are  aeea 
to  be  covered  with  «naH  pita  and  haire  closely  packed  and 
are  a  distinct  oontraot  to  the  larger  and  More  scattered 
pits  on  the  inner  basal  portions  of  the  segments.  These 
browiish  areas  ocour^as  far  as  could  be  determined,  only 
on  the  seventh,  and  eighth  segments  in  cyaneum  and  on  the 
seventh,  eighth  and  ninth  and  occasionally  sixth  segments 
^  «ianTg»annii  and  vary  in  site  and  shape.    In  both  species 
there  are  also  minute  slightly  raised  areas  near  the  basal 
end  of  all  the  segments  of  the  filtusent,  but  the  nature  of 
these  is  undetermined.    They  are  seen  on  the  upper  part  of 
the  inside  of  the  segments  when  the  antennae  project  forward. 

Analytical  Keys 

A  very  good  working  table  of  the  faniiies  of  the  Sphegoidea 
is  given  by  Ashmead'^  and  should  be  consulted  by  those  inter- 
ested.    The  following  tablo  of  the  subfamilies  of  the 
Spktoidae  has 


1.  Canadian  Kntomologist  XXXI,    p,  152 


b«en  taken  from  those  given  by  Ashmead^  and  by  Fornald^  rith 
■light  variation*  in  connection  with  the  eubfataily  Sceliphroainae. 

Analytical  Key  to  Subfamilies 

1.  Second  cubital  coll  receiving  only  the  first  recurrent  vein;  the 

second  recurrent  vein  received  by  the  third  cubital  cell,  or 
at  least  beyond  the  second  transverse  cubital,  (Both  recur- 
rent veins  are  received  by  the  first  cubital  cell  in  a  few 

extra-litHital  fonas.  ,  2^ 

Second  cubital  coll  receiving  both  recurrent  veins,  or  the  second 
recurrent  vuin  is  interstitial  with  the  second  transverse  cuM- 
tue,  although  soatetimea  the  first  recurrent  is  interstitial  with 
the  first  traneverao  cubitus,  or  then  received  by  the  first  cubi- 
tal cells  8, 

2.  Antennae  Inserted  on  the  ciiddle  ef  the  f&ce;  claws  with  one  to  six 

teeth  beneath  tibiae  strongly  sjpinous,  or  at  least  never  with 
weak  or  feeble  8pinet>;  tarsal  ooiab  in  female  present  (except  in 

Isodontia)  Chlorioninae  (Sphecinae  Authors) 

Antennae  inserted  far  anterior  to  the  middle  of  the  face;  claws 
simple,  without  teeth,  or  at  raost  with  a  single  small  tooth  near 
the  middle;  tibia©  Siaooth,  not  spinous;  tarsal  comb  in  female 
never  present  i^odiinae 

3.  Claws  simple,  without  a  tooth  beneath;  tibiae  more  or  less  spinous; 

tarsal  oorLib  in  fewalo  preaent;  abdomen  most  frequently  very  elon- 
gate, the  potiijle  coiflpoued  of  two  sejjiaenta  rarely  only  of  one  seg- 
ment; cubital  vein  of  hind  wings  usually  originating  beyond  the 


2,  Idem   p.  348 

3,  Digger  Wasps  of  North  America.  Prcc,  U.a.Nat.Mus.  XXXI,  p. 308. 


trantvorse  median  Teln, 

Sphecinas  (Ammophilinaa  Authors) 
Clava  Bimple  with  a  aloKle  tooth  beneath,  although  sometimes  very 
minute;  hind  pair  with  or  without  a  tooth;  tarsal  oomb  in  female 
absent;  abdomen  always  with  one-segmented  petiole;  cubital  vein 

of  hind  wings  intertitial  or  nearly  ao  4^ 

4«  Antennae  insez^ted  on  the  siiddle  of  the  face;  metathorax  with  a 
large  tf-shaped  area  above;  meaopleura  not  longer  than  the 

height  of  the  thorax  Soeliphroninae. 

Antennae  inserted  far  anterior  to  the  middle  of  the  faoe,  on  or 
just  above  an  imaginary  lino  drawn  from  base  of  eyes;  meta- 
thorax without  a  large  V-shaped  are  above;  meeopleura  ouoh 

longer  than  the  height  of  the  thorax  pediinae. 

jiCe/^  to  Genera  of  Subfamily  Sceliphroninae. 

G«cond  cubital  coll  receiving  both  recurrent  veins, 

Gpscies    black  and  yallow,  not  metallic;  clypens  flat, 
at  apex  bidentata;  transverse  median  vein  in  front 
wings  not  intcratitial  with  basal  vein  but  uniting 
with  the  median  vain  a  littls  beforo  the  origin  of 
the  baaal  noryuro;  petiole  of  abdomen  about  twice  as 

long  ao  the  median  segment  Pelopaeug,  Latr 

Species  metallic  bluo  or  violaceous;  olypane  normally 
S-dantate.  dnteriorly,  transverse  median  vein  in  front 
wingii  interetitial  v/ith  the  basal  vein;  petiole  of 
Abdomen  r»jt  longer  than  m«dlaa  segment .  .8c el iphr on,  Klug 
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Tablt    of  Sptciea 

1,  Fenttl©s,  ♦ , ,  » ,  ,...«.  » ...♦3 

"oleo  3 

2,  Abdomen  vith  pubescent  »pot  on  third  and  1'6-urih  vontrol 

acgpjeats;  body  huira  aLaoot  exitirely  durk  cyanoum  Kl  [^^■'•^) 

Abdoi&en  without  pubeucont  epo'ii  on  tnird  and  fourth  vcntr&I 

aogmGttts;  whitish  hairs  on  dor3uu  of  uodian  geRwcnt . . aimnermannl  T^-^KU 

3,  Body  dark  blue  blaok  or  bXu«  ^r^an  haira  alaost  entirely 

dark  •*  cyaneun  Kl. 

Body  paler,  hairs  t.ltf.08t  cntirsly  «hitiah»  vingc  fuligi- 

aoufl  to  hyaline  with  fueceue  tipn  z iinmermanni  T>.xUb. 

Genua  Soeliphron  Klug 
Soeiiphron  Klug,  Neuachrlft  Go«,  Katurf .  Freunde,  Berlin  1H.180X,  561 
ChaJtybion  Dahl,,  Ily^.  3iur.  I.  I8i3,  21. 

Chttlybioo  Patton,  Proo,  Bo«t.  ^oo.  Nat,  Hin.  XX.  18SC,  378  (deelg.Pntton). 
Oeaotype  -  Qhalybion  oaerulema  C  oyaneum  Dahlb  deeig,  Patton) 

Body  aetallic  blue  black  or  blue  green,  scmotimea  with  violet  rt- 
flectiono.    Clypett.3  noraially  trldentnte,  but  teeth  vary  in  oi«e  and 
shape.    Metapleurtil  sutures  indietinct.    Cla;»B  of  posterior  tarai 
unanaed.    J  etiole  of  abdomen  aoinowhat  variable  in  lanj'.th,  but  never 
as  long  ae  median  segment. 

The  genus  5celiphron  was  eetabUshed  in  1801  by  Klug  «ho 
included  five  apecle«  under  it  vi«j  epirifex,  iftadraspatanum,  Iwaatum, 
oyaneum  and  fuuouta.    In  1802  Latreilie^  oatabUshed  the  genus  PaloBMua 


1.  Hiat.  Nat.  Cruat.  at  Ina.HI.  334 
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giving  Sph»x  apirifax  L.  and  3.  lunat*  y.  as  •xamplee,  and  in  Vol. 
Xm  of  the  sue  work  (1805)  beaidas  d««cribing  these  species  under 
f lopaeua,  mentioned  that  Klug  had  called  the  genua  Sceliphron. 
In  1843  Dahlbom^  ••tabliehed  the  genua  Chalybion.  separating  it 
from  Felopaeus  on  a  color  basis  with  violaoeum  P.,  tinmermanni 
n,  sp.,  and  cyaneum  L.  as  species,  and  at  the  sane  time  included 
spirifsx,  lunatmn  and  several  other  species  under  Pelopaews.  Two 
years  later  in  his  tabulation  of  species  on  p.  432  of  the  same  work 
he  mentioned  Felopaeus  as  a  genus  with  Chalybion  and  Pelopaeus  as 
8ub*-gonera,  since  no  additional  characters  could  be  found  to  justify 
separation.    Chalybion  remained  under  l*elopaeus  until 3B80  when  Pat- 
ten*  gave  distinctive  characters  in  addition  to  color,  sufficient 
in  his  opinion  to  establish  Chalybion  and  Felopaeus  as  separate 
genera,  and  with  this  the  writer  ag/^ees, 

Zt  will  be  noticed  that  the  spsoies  removed  from  SoiXi** 
phron  by  Latreille  are  black  and  yellow  while  cyaneum  remaining  is 
blue,  and  fusoum  apparently  unknonn  to  modem  workers.  Accordingly 
the  separation  of  Pelopaeus  from  Sceliphron  leaves  cyaneum  as  its 
type  in  accordance  with  reoouuaendations  k.  and  n.  of  the  Interna- 
tional Rules  of  Komenclaturo.    Pal  ton's  designation  of  cyaneum  as 
the  type  of  Chalybion  would  therefore  make  this  genus  a  synonym  of 
Soeliphron  as  restricted  by  the  reiaoval  of  the  species  placed  under 
Pelopaeus  by  Latreille, 

pelopaeug  ealifomicus  Gaussure  is  regarded  by  the  writer 
as  conspeoifio  with  cyaneum,  since  ho  has  exawined  a  number  of  speci- 
mens from  California,  all  of  which  are  similar  to  cyaneim  and  he  does 


2.  Hym.  £ur.  I.  1843,  21. 

8.  Proo.  Best.  Soo.  Nat.  Hist.  XX    1880  378. 


n©t  ooneldcr  the  shorter  petiole  of  eufficient  Importance  to 
Juetify  eeparation.    In  thie  the  writer  agrees  with  Patton. 

Deeoriptione 

Soeliphron   oyanevm  Klug. 
It  has  been  found  advisable  to  give  only  the  more  important 
references  on  this  species,  ^ 

Soeliphron  cyaneum  Klug,  Neusohrift  Ges.  naturf .  Preunde, 
Berl-SlH.  1801,  561. 

Pelopaeus  oyaneus  L»eyeletier,  Bnoycl.  Method.  Ins.  X.  1825-33. 

Chalybion  oyaneum  Dahlboa,  Hym.  Eur.  I.  1843,  21. 

Pelopaeus  (Chalybion)  oyaneus  Dahj.]j)oa,  Hym  X.  1845,  432, 

Pelop»eus  o«erttleus  Lepeletier,  His.  Nat.  Xn8«  Hym.  III. 

1845,  l20V""'' 

Pelopaeus  oa^sruleus,  Jones,  Naturalist  in  Bermuda.  1859,  113. 

Pelopaaus  (Chalybion)  caeruleus  Saussure,  Reised.  No vara. 
Zool.  U.  1867,  26.' ""'"^"""■^ 

Pelopaeus  (Chalybion)  oalifornicus  Saussure,  Reised.  Novara. 
Zool.  11,  1867,  26.  ^^^^ 

Pelopeue  fcalifomicus  Saussure  -  Patton,  Proc,  Host.  Soc.  Nat.  Hist. 

XX,  i88drW3T 

Chalybion  oaerule\a>  Pattog,  Proc.  Bost.  Soc.  Nat.  Hist.  XX,  1880,  378, 

pelopaeus  caeruleus  Provancher,  Natural.  Ganad.  XHI,  1882,  12, 

Pelopaeus  caeruleus  Provancher.  raun.  Bntom.  CanAd.  Hym.  1883,  613. 

Chalybion  caeruleum  Cameron,  Biol.  Centr.Amer.  Hym.  II,  1888,  25. 

Chalybion  (Pelopaeus)  californicum  Saussuj^e,  Cameron  Biol, 
Centr,  Amer.  H,  1888,  25. 

Chalybion  oaeruleua  Sohwari,  Proc.Bnt.Soo.Wash.I.  1890,  254. 

pelopaeus  caeruleus  Pi^okfeags  Wis.  Geol.  and  Nat.Hist.Surr.BuU.2. 
 ^  1898;i7tfpr.n.  fig.S;  P1.X,  figt.  1-3. 


Typee.     There  Is  a  specimen  (seen  by  Femald  in  1913)  In  the 
Berlin  Museum  bearing  a  label  cyaneus  from  North  America  and 
stated  by  the  authorities  there  to  be  in  ELug's  handwriting. 
It  is  a  small  male  undoubtedly  of  this  species.    No  specimens 
in  that  collection  were  found  vhieh  appear  to  have  been  labeled 
by  Dahlbom.    At  Lund  are  eighteen  specimens,  the  first  marked 
"Chalybion  oaeruleum,  bphex  Lin,  Pelopaeus  pelet.^  V  New  York," 
This  specimen  is  a  male  and  it  is  to  be  inferred  that  Dahlbem 
at  the  time  of  labelling  this  specimen  was  confusing  it  with 
Chlorion  caeruleun.    This  confusion  has  already  been  discussed 
by  Femald  (Snt.  News  XV.  1904,  117). 

The  types  of  californicus  Sauss.  have  not  been  seen, 
but  are  presumably  at  Geneva. 

The  following  description  has  been  made  from  fifteen 
females  and  the  same  number  of  males  selected  from  a  large  number 
of  specimens  and  covering  as  wide  a  distribution  as  possible. 

Metallic  blue  black  or  blue  green,  sometimes  with 
purple  reflections  especially  on  legs  and  abdomen;  head  and 
body  except  ahdomen  thickly  pilose,  pubescence  silvery  on  sides 
of  frons,  dark  on  third  and  fourth  ventral  segments  of  famaXe 
abdomen;  remainder  of  body  covered  with  fine  dark  sericeous 
hiirs  more  or  less  concealed  by  pilosity  except  on  legs  and  ab- 
domen.   Wings  varying  from  pale  to  dark  fuliginous. 
female.       Head  across  the  eyes  broAder  than  thorax  across  the 
tagulae;  clypeus  sloping  abruptly  at  sides  down  to  depressed  arei 
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of  frone,  somaiAiat  flat  in  contra  with  surface  closely  punctured 
and  covered  with  dark  erect  hairs  and  finer  dark  sericeous  haire; 
these  are  best  seen  from  the  side  and  vary  in  density  with  indi- 
viduals; anterior  margin  of  olypeus  black,  extending  laterally 
tmder  the  eyes,  armed  near  the  middle  with  three  blunt  teeth, 
(the  median  tooth  generally  the  smallest),  and  a  small  latei*al 
process  on  each  side  varying  in  site  but  never  as  large  as  the 
central  teeth;  a  row  of  strong  black  hairs  projects  forwards 
over  the  teeth;  posterior  margin  concave,  bending  round  at  the 
sides  to  join  the  olypeal  sutures  whloh  fora  the  later&l  bound- 
aries of  the  olypeus;  central  portion  of  clypeus  with  a  median 
line  appearing  as  an  irregular  shiny  strip;  surface  of  frons 
channelled  on  each  side  of  the  antennal  elevation  and  clypeus; 
these  depressions  together  with  the  antennal  region  are  closely 
punctate,  the  punctures  being  somewhat  confluent  and  smaller  than 
those  on  the  clypeus  with  correspondingly  smaller  hairs;  there  is 
also  a  fine  silvery  pubescence  on  the  sides  on  the  frons  seen  best 
from  behind;  antennal  region  divided  by  a  distinct  median  elevated 
line  extending  from  between  the  antennae  to  within  a  short  distance 
of  the  median  ocellus;  intra-  and  circum-ooellar  areas  finely  punc- 
tured and  with  small  erect  black  hairs;  surface  of  vertex  rather 
sparsely  punctured  with  a  few  long  black  hairs  on  a  slightly  raised 
area  behind  the  ocelli;  occiput  covered  with  fine  punctures  and 
•horter  black  hairs,  sometimes  densely  sericeous;  genae  clothed 
with  XoBg  er«ct  black  pilosity  inte#eper8ed  with  fine  serioeone 
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halra  thickest  along  the  hinder  laargins  of  the  eyee  and  the  lower 
portions  of  the  genae  and  giving  these  parts  a  coppery  Reflection 
when  seen  from  behind;  inner  margins  of  compound  eyes  more  concave 
than  those  of  males  and  more  convergent  posteriorly  than  anteriorly; 
antennae  -  eoape  and  pedicel  blue  black  or  blue  green,  generally 
netallic  vith  a  few  black  hairs  mainly  on  inner  side  and  surface 
covered  with  very  fine  dark  hairs;  flagellum  or  filament  dull 
sooty  black  or  greyish  black  owing  to  the  presence  of  minute  re-* 
cumbent  hairs;  first  segment  of  the  filament  usually  slightly  the 
longest,  the  remaining  segments  ver>  gradually  decreasing  in  length 
until  the  last  which  is  usually  a  little  longer  than  either  the 
penultimate  or  ante-penultimate;  last  segment  tapers  diatally  but 
is  somewhat  squarely  truncate  at  its  distal  end;  mandibles  long, 
narrow,  curved,  without  teeth,  rather  bluntly  pointed,  sometimes 
worn  down  so  as  to  be  roundly  truncate  at  tip,  black  or  blue  black 
for  baeal  half,  gradually  shading  ie  pale  brown  at  distal  end, 
with  a  groove  along  upper  and  lower  margins,  sometimes  with  fine 

4 

hairs,  and  a  strong  groove  at  external  basal  end  with  a  few  stout 
black  hairs;  there  is  also  a  row  of  short  hairs  on  the  inner  face 
but  thewe  are  usually  hidden  when  the  raandiblos  are  closed. 
Thorax.     Neck  may  be  slightly  rugose  with  sparse  punctures  and 
small  hairs;  collar  narrower  than  remainder  of  thorax,  sides  al- 
most vertical,  laterally  compressed  with  a  central  depression  end- 
ing dorsally  in  a  deep  fovea;  the  anterior  dorsal  surface  may  form 
an  acute  angle  with  the  posterior  surface  making  the  lobes  some- 
what sharp,  or  it  may  slope  gradually  upwards  making  these  more 
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rounded;  median  dorsal  groove  may  be  transversely  striated; 
dorsal  surface,  sides  and  epistema  strongly  punctured  and 
covered  with  erect  black  hairs  interspersed  with  a  fine  brownish 
vestiture;  prothoracic  lobe  with  mmll  scattered  punctures  and 
hairs,  posterior  edge  fringed  with  short  delicate  pale  brown 
hairs;  mesonotum  with  a  distinct  median  depression  for  its  an- 
terior half,  surface  strongly  and  closely  punctate  and  ;2overed 
with  somewhat  erect  black  hairs;  seutellum  also  with  median 
groove,  but  not  so  closely  punctured  as  mesonotum,  postero- 
lateral margins  of  lateral  depressions  fringed  with  fine  pale 
brown  to  silvery  hairs;  postscutellum  finely  punctured  in  centre, 
lateral  extensions  fringed  posteriorly  with  email  light  brown 
to  whitish  hairs;  mesopleura  and  mesostemum  covered  with  strong 
punctures  and  coarse  black  hairs  interspersed  with  minute  coppery 
hairs;  wetapleura  and  metapleural  grooves  somewhat  sparsely  punc- 
tatsi  the  latter  sometimes  almost  bare  and  shiny;  median  segment- 
dorsal  shield  bounded  by  a  linear  U-shaped  depression  and  broadly 
rounded  at  posterior  margin  where  there  is  a  small  but  deep  fovea; 
this  depression  way  be  transversely  marked  by  ridges  on  each  side 
both  anterior  and  posterior  to  the  spiracle,  but  these  raised 
lines  usually  end  where  the  sides  begin  to  curve  round  posteriorly; 
dorsum  with  a  distinct  median  depression,  rather  faint  anteriorly 
where  the  shield  has  a  gradual  upward  slope,  surface  of  shield 
usually  with  no  markings  other  than  rather  small  often  confluent 
punctures, but  may  be  rugose,  hairs  medium  sized;  sides  and  end 
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usually  with  more  distinct  punctures  araall  at  sidea  of  shield, 
coarser  at  posterior  end  pilosity  to  correspond;  petiole  stouter 
at  distal  end  before  suddenly  enlarging  to  size  of  abdouen, 
punctures  fine,  hairs  slender  and  rather  scattered,  finely  seri- 
ceous mainly  in  upper  distal  surface.    Abdomen  of  mediua  jize 
somewhat  ovate  shining,  arched  dorsally,  flatter  ventrally, 
pointed  behind,  almost  the  whole  dorsal  and  ventral  surfaces 
covered  vith  minute  dark  recumbent  hairs  giving  the  al^doaen  a 
dirty  appearance  in  certain  lights  without  obscuring  the  body 
color;  first  three  dorsal  segments  without  coarse  punctures  or 
stout  hairs,  last  three  with  aaall  punctures  and  scattered  hairs, 
a  row  of  fine  punctures  along  the  hinder  margins  of  the  first  two 
of  these  segments,  but  the  corresponding  hairs  very  rarely  com- 
plete; sixth  or  terminal  dorsal  segment  with  a  group  of  i^nall 
punctures  and  hairs  on  each  side  nearest  the  anterior  margin, 
but  central  portion  bare  except  for  minute  hairs;  sixth  or  ter- 
minal ventral  segment  with  a  narrow  punctate  strip  on  each  dorsal 
flap  sparsely  covered  with  sm-ill  hairs  of  varying  sixes,  ventral 
surface  covered  with  fine  hairs  except  for  a  bare  median  strip; 
fifth  ventral  with  a  few  scattered  punctures  and  hairs;  fourth 
with  a  black  or  brown  pubescent  area  on  the  middle  of  the  posterior 
part  of  the  segment  and  a  few  hairs  on  each  side  (Fig.  4);  third 
bears  a  smaller  similarly  colored  pubescent  area  iLnd  a  deeply  sin- 
uate double  row  of  hairs  extending  across  the  segment  behind  the 
pubescent  area,  but  if  the  abdomen  is  at  all telescqped  these  can- 
not always  be  seen;  posterior  margin  ef  third  segment  sinuate; 


•econd  ••gaent  with  a  V-ihaped  ieuble  row  of  hairo;  in  all  of 
the  above  oases  th^ffiairs  may  be  missing  but  the  punctures  can 
•till  be  seen, 

Winge  vary  from  pale  to  dark  fuliginous  with  violet  to  purple 
reflections  except  at  tips  whioh  are  dull  and  sometimes  darker 
than  the  basal  portion  of  the  wing;  forewing  has  no  distinctive 
characters  apart  from  those  shown  in  the  figures;  tegulae  blue 
green  or  blue  black,  sometimes  with  purple  lights,  shiningi 
paler  at  margins,  finely  eerioeous  for  basal  half,  hairs  dark; 
hind  wings,  angle  between  median  and  transverse  median  usually 
greater  than  a  right  angle;  discoidal  leaves  cubital  slightly 
exterior  to  junction  of  median  cubital  and  transverse  median. 
Legs  colored  with  various  shades  of  blue,  black  or  green  some- 
times with  metaiiio  i>urple  reflections;  coxae  and  trochanters 
blue  black  er  greenish  black,  sometimes  dull  purple  in  old 
specimens,  strongly  punctured  especially  on  ventral  side,  with 
long  black  hairs  and  fine  brown  sericeous  vestiture;  femora,  and 
tibiae  colored  much  the  same  as  the  preceding  segments,  femora 
with  rather  long  black  hairs  on  ventral  side  and  minute  brown 
hairs  over  the  whole  surface,  fore-  and  hind-tibiae  finely  seri- 
ceous, witl^  a  coarser  brown  cericeous  area  along  inner  surface; 
tarsi  may  be  dark  to  purplish  or  the  sericeous  hairs  may  give  . 
them  a  brownish  appearance;  claws  dark  brown  for  baeal  half, 
paler  at  tips;  spines  on  legs  black  to  brown. 

Hale  -  Differs  from  female  as  follows: 
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Body  utually  more  hairy;  eyes  more  approximate  below  than  aboYo; 
olypoal  teoth  omall  and  rather  pointed,  no  oide  prooesaea;  frono 
loss  sunken  at  sides  of  clypous;  mandibles  of  medium  size,  pointed 
at  tip;  antennae  with  thirteen  segments;  second  segment  of  flagel- 
lua  longer  than  first;  dorsa  lobes  of  collar  usually  somewhat 
more  acute;  abdomen  more  compressed  ventrally  especially  the 
last  few  segments,  tip  curved  under;  seventh  or  last  dorsal 
segment  evenly  rounded,  covered  with  short  black  hairs  chiefly 
at  sides,  hinder  margin  bearing  a  pair  of  genital  palpi  one  on 
each  side,  sixth,  fifth,  fourth  and  third  dorsal  segments  with 
one  sometimes  two  rows  of  small  punctures  near  hinder  margins 
but  corresponding  hairs  often  absent;  eighth  or  terminal  ventral 
segment  usually  drawn  in  so  that  only  the  lobed  distal  portion 
projects  beyond  the  hinder  marg,in  of  the  seventh  ventral  and 
covers  the  anal  opening;  this  lobe  is  here  termed  the  hypopygium, 
but  has  been  given  various  names  by  different  authors;  it  is 
covered  with  short  erect  hairs  seen  best  in  profile;  seventh 
ventral  segment  bare,  sixth  finely  sericeous;  fifth  and  fourth 
finely  sericeous  in  centre,  punctate  at  sides;  third  with  an- 
terior margin  sericeous  and  a  sinuous  row  of  punctures  anterior 
to  it;  second  with  a  deeply  sinuous  row  of  punctures  and  hairs. 
jLength     Fonales  I5-'23  ma;  males  12-18  mm. 
Distribution      This  species  is  widely  distributed  throughout 
North  America  and  the  writer  has  examined  specimens  from  Southern 
Canada,  the  Kaatern  United  States  from  Maine  south  along  the  east 
coast  to  Florida,  then  west  through  the  Gulf  States  to  Southern 


California  as  far  north  as  San  Joss,  thsn  sast  again  through 
Nevada,  Utah  and  north  to  the  Oreat  Lakes.    This  insect  also 
tecurs  in  South-eastern  Montana  but,  as  far  as  the  writer 
knows,  does  not  extend  over  the  Rocky  Mountains  to  the  northern 
Paeifio  ooast  region.    He  has  also  seen  speciaens  from  the 
oantral  Gulf  Coast  of  liexico. 

This  speoies  therefore,  as  known  to  the  writer, 
seems  to  be  entirely  an  Austral  form  occurring  mainly  in  the 
Upper  and  Lower  Austral  with  occasional  specimens  in  the 
Transitional, 

gabits.  The  members  of  the  sub-'family  Seeliphroninae  are  ool«* 
leotively  known  as  Mud'^aubers,  and  this  beautiful  species  is 
called  the  Blue  Mud->dauber.  The  females  can  be  noticed  during 
the  early  summer  months  flying  in  and  out  of  barns,  outhouses, 
porches  or  any  sheltered  place,  and  if  followed  up  may  be  seen 
at  work  on  their  anall  earthem  nests  which  are  usually  placed 
fairly  high  up  near  the  roof. 

The  writer  has  had  little  opportunity  of  studying  the 
habits  of  these  insects,  so  that  he  cannot  do  better  than  give 
a  short  suamiary  of  the  intereeting  observations  made  by  Mr,  and 
Mrs,  Peckhan*  on  the  habits  of  this  species,  then  known  as 
Pelopaeue  caeruleus.    These  observations  were  made  over  a  period 
covering  a  number  of  years  and  are  of  great  interest  and  impor- 
tance, especially  those  on  the  methods  employed  by  the  wasps  in 
capturing  and  stinging  their  prey. 

a.    Instincts  and  habits  of  the  Solitary  Wasps  by  G.W.  and  E.G. 
peckham.    Wis.  Oeol.  and  Nat. Hist. Survey .Bull.  No.2.  5oi. 
Ser.  No.  1.    1898,  P.  l?** 
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On  appearing  in  th«  early  auimner  the  female  eeleete 
a  spet  for  her  nest  which  it  always  built  of  damp  earth  and  soon 
hardens  to  the  required  firmness.    She  digs  the  mud  with  her 
■auadibles  *'foroing  he^ead  down  into  the  soil  and  raising  her 
body  into  a  nearly  vertical  position.**    She  carries  the  mud  to 
the  building  site  in  her  mandibles  and  moulds  it  whi^e  still 
•eft  into  the  required  shape  '*using  her  mouth,  mandibles  and 
feet."    The  authors  found  that  it  took  from  thirty-two  to  forty 
loads  to  complete  a  cell,  each  load  making  about  half  a  ring  in 
the  larger  parts  or  a  whole  ring  near  the  bottom  of  the  cell. 
The  completed  nest  usually  consists  of  six  or  more  cells  on  the 
average  placed  against  each  other  to  form  a  mass  which  is  then 
daubed  over  with  small  pieces  of  mud  so  that  the  contour  of  the 
rings  is  hidden.    The  great  majority  of  the  cells  are  placed  in 
a  vertical  pasition  with  their  openings  on  top.    The  cells  are 
provisioned  with  spiders,  a  few  large  ones  or  many  small  ones 
being  craaaied  into  one  cell,  and  the  "legs  of  the  spiders  bent 
in  all  directions  without  regard  either  to  their  comfort  or 
their  life."    The  spiders  are  caught  and  held  by  the  mandibles 
and  forelegs,  then  stung  first  by  the  wasp        flight  apparently 
at  random,  and  a  second  time  after  alighting  nearby  the  place  of 
capture.    This  second  sting  is  usually  given  on  the  under  side 
ef  the  oephalothorax.    The  authors  came  to  the  conclusion  that 
the  wasp  uses  her  sting  "rather  to  overcome  any  resistance  that 
she  may  encounter  than  to  paralyse  the  spider  and  thus  keep  it 
fresh.    To  her  it  is  a  matter  of  indifference  whether  the  spiders 


ar«  killed  or  paralysed  and  either  result  laay  follow." 
Mr.  and  lire.  Peckham  made  an  examination  of  a  large  number 
of  recently  provisioned  colls  of  various  species  of  Pelopaeus 
and  found  most  of  the  spiders  dead  while  the  others, although 
reduced  to  a  state  of  quiescence,  were  alive  and  would  re- 
spond to  otimulation  by  a  quivering  of  the  tips  of  the  legs, 
but  as  a  rule  did  not  live  very  long. 

Soeliphron  Zinaeraanni  (Oahlboa) 


Chalybioa  liwmermanni  pahlbois  Hym.  l^r.  I.    1843,  22. 

 *BscOTorasL 

Pelcp&eus  (Chalybion)  liwMraaaal  Dahlbwn  Hy».  Kur.  I.  1845,  433. 

        VjtU.\\.«.Ntf- 

Pelopaeus  (Chalyblon)  axteeus,  ftaussure    Reise  d  Novara  Zool.  II 
P.l.  1867    Hya  26V'"'''''" 

Pelopaeus  (Chalybioal  tiaaemanni,  Saueiure  Raise  d.  Kovara  Zool.II, 
P.l.  1667    Hya  26.         ■  ' 

Pelopaeufl  texanus  Graseon,  Trans.  Aaer.  iiSnt.  3oe.  IV.  1872.  210. 

Chalytiion  liiMOTiinnni  i  atton  ^oc .  Best.  Soc.  Mat.  Hist.  XX.  1880,  379, 

Chalybion  texanua  patton^  idea. 

Chalybion  aitecua  tHitton,  idem. 

Chalybion  aiMtteru>anni  Caaeron,  Biol .  Ceatr.  Aaer.  P.  71.  1888 
Hya  II :  2^^ 

Chalybion  astecvuB  Caaerdl^,'  Hd«a. 

Types.       Oahlboa  evidoiftly  described  Klaaeraanni  fron  at  least  two 
opeciaens  since  he  records  both  aaXe  and  feaale.    In  the  Berlin 
ttiseum  there  is  a  epeoinen  labelled  with  this  nene,  but  so  far  as 
could  be  ascertained  by  Femald  who  examined  it  in  1913,  the  only 
difference  froa  cyaneua  was  that  the  dorsum  of  the  propodeum  was 
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•lightly  cross  striate  -ahich,  as  has  boon  enowi,  is  not  dis- 
tinctive.   At  Lund  there  are  several  speolioena  the  first  a  male 
being  labelled  "liaaerm  N.  Aiaerika**  on  the  upper  label  ixnd 
'•Xiisinermanni  Dlbm.  sp.  ign."  on  the  aecoad.    On  the  doraua  of 
the  propodeun  of  this  speeiiAen  are  trauses  of  tr>^*ver8e  ridges, 
tha  thoracic  hairs  are  white  and  wings  quite  fuliginous.  Another 
•peoimen  is  labelled       Sud  Carolina  a  Ziiaaeraaan",    The  writer 
is  inclined  to  regard  the  first  naa^i  speciiaen  from  Lund  as 
representing  at  least  one  of  the  original  spocimens  used  by 
Dahlboa  and  the  one  at  Berlin  as  not  ximermonni  at  all. 

The  types  of  a,»tecua  3aus3,  have  not  been  seen  but 
Are  probably  in  the  Saussure  eolleotion  at  Geneva, 

Texanus  Cress,  was  described  from  two  speciiaans  called 
female  and  male.    No  females  with  clear  wings  are  known  and  a  re- 
examination of  siaterial  at  Philadelphia  by  Mr.  Cresson  shows  that 
he  designated  one  of  them  as  female  by  error.    Two  specimens 
labelled  "typo"  in  the  U,  S,  SSuseum  are  in  reality  paratypes. 

This  species  has  been  redesoribed  from  seven  femailes 
and  fourteen  males  from  the  localities  mentioned  in  the  habitat, 
female.     Medium  eixed,  dark  blue  or  blue  green,  coarser  pilosity 
everywhere  dark  except  on  dorsum  of  median  segment  where  it  is 
whitish,  finer  hairs  silvery  to  ^itioh;  no  pubescent  spots  on 
third  and  fourth  ventral  segments  of  abdomen;  mandibles  unidentate; 
wings  fuliginous. 

Head  similar  to  that  of  cyaneum  in  general  shape;  clypeuf 
usually  somewhat  flat  at  sides»  arched  in  centre,  with  median  ridge. 


It  - 


•urfac©  distinctly  t'uncturdd,  pilosity  unly  jnoderately  dense, 
•ilvery  puUoucenco  en  sides,  anterior  mai-gin  black  with  naxrow 
•xtensiisno  under  the  eyee,  three  rather  pointed  teeth,  no 
l£.toral  prosoceos,  posterior  murgin  broadly  truncate  and  slightly 
•warginate;  frons  not  so  deeply  sunken  as  in  oyanoum.  distinctly 
punctured,  niodsrately  coTored  with  erect  black  hairs;  a  fine  sil- 
very pubosoonce  clothing  nearly  all  the  sunken  area  of  the  frons; 
ocelli  with  distinct  ^roovoa  at  outer  bases;  vertex  sparsely 
punctured,  ijroct  hairs  r^ithar  few,  finer  hairu  whitish;  gonaa 
distinctly  punotato,  laoderately  dense  hairu  interspersed  with 
fine  sericeous  vestiture;  inner  margin  of  compound  eyes  dis- 
tinctly concave  near  upper  end,  gradually  convergent  towards 
clypeus  for  lower  half,  eyes  usually  icore  approxinate  below 
than  above;  anteriniie  -  scape  tlack:  idth  icstallio  blue  green 
reflections,  a  number  of  rather  short  hairs  uostly  on  inner 
surface,  finer  sericeous  hairs  vary  from  silvery  to  pale  brom, 
pedicel  with  a  few  s»all  hairs  on  inner  surface;  flagellum  dull 
black  with  a  dense  covering  of  fine  recumbent  hairs  giving  it  a 
black  to  greyish  appearanoo  according  to  the  light;  first  seg- 
ment of  fl&gelluiE  distinctly  narrower  proxifijally  and  shorter 
than  second,  rsKS-lxiing  segments  only  very  slightly  narrower  proxi- 
aally  last  segiusnt  ret  cut  off  truncately  as  in  eyaneum  but  taper- 
ing to  a  blunt  point;  nijjjditlei  of  mediua  length  with  one  rather 
wide  tooth  on  innsr  margin  not  reaching  to  the  tip;  a  row  of  four 
or  five  stout  hairs  on  outer  side  and  about  twice  that  number  on 
inside. 


39 


Thorax.      /uitorior  ourfuco  of  collar  with  ti  steap  upward  slope 
to  the  uomewhai;  uouta  crests;  and  distinctly  rugose  at  anterior 
oud,  .iorottl  lobes  saiall  aad  separatsd  by  a  shallow  depreusion; 
punctures  email  and  scattered,  pilosity  finer  and  aiaallor  thnn 
in  qjyaneum,     st^riceous  huira  pale  tu  whitish;  median  depression 
on  sided  of  collar  not  ending  abruptly  In     fovea  but  continued 
above  to  the  j^roovo  between  neck  jvnd  collar;  prothomcic  lobe 
with  a  fringe  of  palo  brown  h-tira;  n»edian  depression  on  raesonotum 
faint  or  absent;  deproaoione  at  posterior  aidee  of  mssonotum  not 
aa  strontily  uurked  as  in  cy-'mouia:  scutollum  raay  have  a  olight 
median  djiprossion;  posterior  nargin  of  lateral  pits  fringed  with 
silvery  iriiito  hairs;  postacutellua  with  small  punctures,  posterior 
margin  with  a  few  whita  or  pale  hairs;  aedian  segi^ont  -  anterior 
Margin  of  dorsum  flaagad,  posterior  mrgin  more  pointed  than  in 
cyaneoast  whole  surface  of  shield  transversely  striated  or  rugose 
and  without  taodioa  depression,  hairs  rather  delicate,  whiter  at 
aides  along  the  outline  of  dorsxun.thon  in  the  centre;  posterior 
end  of  dorsum  sloping  oore  gradually  to  hinder  margin  than  in 
c^onQUiii,  surface  with  irregular  atriations,  punctures  confluent, 
nuaarous  dark  haire;  stigaaatal  groove  not  well  marked,  aides  of 
dorsum  attroiitily  punctate  behind,  smller  punctures  anteriorly; 
nweopleura  and  meeostemuis  with  deep  puncturee  and  long  black 
hairs;  raetapleura  dietinctly  punctate  except  along  raetapleural 
groove  iriiich  is  somewhat  bare  and  shiny,  lateral  oblique  depres- 
sion Bhalloiwr  than  in  oyaneujii  petiole  slightly  shorter  und 
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more  slender  than  that  of  cyaneum.    punctures  and  hairs  scattered, 
chiefly  on  basal  half,  finely  sericeous  mostly  on  upper  half  of 
distal  end. 

Abdomen  medium  to  small,  rather  ovate,  paler  blue  than  in  cyaneua. 
shining,  with  minute  white  recumbent  hairs  scattered  evenly  over 
the  dorsal  surface,  first  three  dorsal  segments  without  dark  hairs, 
fourth  and  fifth  with  a  few  scattered  punctures  and  dark  hairs; 
sixth  or  terminal  segment  with  hairs  near  posterior  margin,  bare 
along  median  line,  dorsal  segment  may  almost  cover  ventral;  tip 
of  abdomen  a  little  more  slender  them  in  ciraneum:  ventral  seg- 
ments -  dorsal  flaps  of  terminal  segment  (where  visible)  with 
dark  hairs  along  the  sides,  thinner  or  almost  absent  along  the 
median  line;  fifth  to  third  segments  with  a  double  sinuate  row 
ef  fine  punctures,  but  hairs  only  scattered;  third  and  fourth 
without  the  pubescent  areas  present  in  oyaneum;  second  with  a 
V-shaped  double  row  of  punctures  with  apex  pointing  forwards, 
but  corresponding  hairs  not  complete. 

Wings  similar  to  those  of  cyaneum  but  without  such  a  range  of  brovan 
shades  in  the  few  specimens  available;  forewings  as  in  figures;  tegu- 
lae  with  white  sericeous  hairs;  hind  wings  -  angle  between  median 
and  transverse  median  about  a  right  angle;  disooidal  leaves  cubital 
•lightly  more  exterior  to  junction  of  median,  cubital,  and  trans- 
verse median  than  is  the  case  in  cyaneum. 

^egi.        Segments  with  same  general  features  as  in  cyaneum,  aomtr 
whaA  paler  blue;  coxae,  trochanters,  and  femora  covered  with  fine 
white  recumbent  hairs;  fore-  and  hind-tibiae  with  a  dense  pale 


brown  aericaous  araa  especially  noticeable  on  hind-tibiae; 
fine  haire  white  on  other  parte  of  tibiae;  tarsi  with  rather 
pale  sericeous  hairs, 

UflOe.        Differs  fron  fenale  as  follows t 

Body  color  paler  blue;  veetiture  of  body  denser  and  hairs  every- 
wiiere  white  except  on  face  and  genae  and  soroe  of  the  ventral  seg- 
ments of  abdomen;  the  approximation  of  the  eyes  across  the  clypeus 
is  fflore  noticeable  than  in  female  giving  the  face  a  narrower  ap- 
pearance below  than  above;  middle  tooth  of  clypeus  more  prominent 
than  latereds,  which  are  small  and  rudimentary;  mandibles  without 
tooth,  of  medium  length,  stout  at  base,  tapering  to  a  point;  wings 
vaj*ying  from  sooiewhat  dark  fuliginous  to  hyaline  with  fuscous  tips; 
abdomen  more  compressed  ventrally  and  curved  under  at  tip,  similar 
to  that  0  f  cyonetaa  male  in  general  features  except  that  the  f  iae 
sericeous  hairs  are  \iiitiah. 

^eagth.    Femades  16  -  20  am.    Males  12  -  19  sua. 
I^abitat.  Oahlbom  mentioned  that  '*;^inraermann  caught  this  elegant 
species  in  South  Carolina,  Korth  America"  and  it  has  been  reported 
from  Miohoaoan;  Cordova;  Atoyae  in  Vera  Cru«;  Ventanas;  Valladolid 
in  Yucatan;  and  Teapa  in  TAbasoo,    Specime»s  have  been  examined 
from  ISlkin,  N.  C;  "Loui";  Texas  -  DaUas  Co.;  Cypress  Mills; 
Austin;  Comal  Co;  Brownsville;  from  "Max";  Alta  Mira,  Tampico, 
Mexico;  San  Antonio,  Nicaragaa;  and  "-^^iFa*:     These  localities 
seem  to  show  that  it  is  mainly  a  lower  Austral  form  with  occasional 
specimens  from  the  Tropical  Zone  and  a  possible  occurrence  in  the 
Southern  part  of  the  upper  Austral.    No  records  of  the  habits  of 
this  species  as  such  have  been  found  by  the  writer. 


Explanation  of  Plates 

Th«  following  figures  were  drawn  by  the  author  in  most  oases 
with  the  aid  of  a  camera  lucida,  and  are  only  intended  to  be 
diagramaatio  • 

7i£«  !•  Oor&al  view  of  thorax  of  ooeliphron  cyaneua 

Fig,  2«  Lateral  view  of  Soeliphron  oyaneua 

a  ,  prothorox 

ax»  Book 

ag,  collar 

aOi  anterior  eexa 

b  ,  mesothorax 

b^,  mooenotua 

h%,  soutellum 

bj,  mosotheracic  epistemuia  (including  pre-opistemum  and  epistemua) 
b4,  opiotomal  groove 
bgi  nesothoraoie  opdjuoron 
0  I  Doetiithorax 
oxi  post soutellum 

02*  aotaplouron  (inoluding  taotepistemuDi  and  metopimeron)  • 

d  ,  atodian  oogmoat  or  propodeuia 
dx»  dorsum 
dgt  and 
side 

d4,  stigma  or  spiraolo 
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di^i  fovea 

•tigna-UU.  grooT* 
f  ,  funiculue 
fv,  forawing 
hw,  hlndwing 

mo,  mosecoxa 

p  ,  petiole 

pc,  poeterior  ooxa 

8  I  atigma  or  spiracle 

at,  atlng 

t  ,  tagula 

1-6  abdominal  plates* 

Fig.  3.  Ventral  aopeot  of  abdomen  of  Sceliphron  oyanevua  fioaale 

showing  the  pubescent  spots  on  the  third  and  fourth  aeg- 

ments.    Lettering  ae  above. 
Fig.  4,  Frontal  view  of  head  of  Soeliphron  oyaneua  female. 
Fig.  5.  The  wings  of  Soeliphron  cyaneum  with  the  oella  named 

according  to  the  usual  nomenclature. 
Fig.  6.  The  same  winga  with  the  veins  named  according  to  the 

usual  nomeaelature. 
Fig.  7.  Fore  tibial  oomb  spine  of  S^eUphron_^xanew 
Fig,  8.  Hind  tibial  comb  spine  of  Soeliphron  o^oaeum. 
Fig.  9.  Antennae  of  Sceliphron  cyaneum  female. 


